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Preface 


To indulge oneself in reminiscences is something which occurs all too 
infrequently, so this preface affords one of those rare opportunities for which 
I make no excuse. In looking bach on die development of my own interest 
in industrial archaeology there are several quite specific events which I 
remember with vivid clarity as well as others which were no doubt equally 
sign i tic ant but which by ificcr nature arc hazy and diffuse. The genu of die 
infection was without dottbf caught from my Father whose interest in 
turnpike roads led him and later both of us to seek our bridges and toll houses, 
and those remaining milestones which had not been buried or destroyed ill 
the war, A journey by Birtoifs bus (were Harlem's busn realty all different r) 
from fk-ttion near Nottingham to Sliardlow to see the HuckMamiged 
remains of Cavendish Bridge brought me imo contact, tor the first tunc 
consciously, with a place which breathed the atmosphere ot the Industrial 
Revolution and of past prosperity and activity, the inland port on the Trent 
and Mersey Canal with its superb warehouses and basins. There was a magic 
about deserted Shard low. Here was a place where things had happened but 
where nothing happened now. On the line of the Ashby and Ttcknall 
Tramway or the Cham wood forest Canal, at Kings Mills on the edge of 
Doningtcn Park, beside the remains of the Morlcy Park blast furnaces at 
Heagt or the great mills at Cromford* this sensation of place became over¬ 
whelming, the essential ingredient which stimulated the imagination and 
brought alive for me the men and horses, the boats, wagom, flames and 
smoke ot a period which was otherwise as distant and umral ittihai ot ancient 
Egypt or Rome. There were also from time to tiuie interminable Sunday 
afternoon* which then pawed rue by completely, when iny father* smoke- 
filled study Wat full too of]. I>. Chamber* or W E. Tate of On occasion both. 
They were decrying the desecration of Nottingham in a period before a 
conservation movement existed—and so the threatened extinction of die 
Collins almshouses in Friar Lane inexorably became A reality. Who could 
stand in the way of progress? 

Much Jacer. with Michael Rix at Preston Momford in Shropshire, t 
realised there were low. of other people with broadly the same sort o! interest 
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ind that it wai gmniMjj j corpora ic identity under (he rume ’indintna] 
archaeology 1 . But by then I was already in the business myself and the 
opportunities to practise were broadening rapidly. The diversity of the 
interest jn industrial archaeology was, and still i% astonishing and lias 
undoubtedly been one ot the great aids io it* rapid evolution over rhe last 
couple nf tirades, to the growth nl a broad base of popular interest jnd ro the 
awakening of an active appreciation that the remaim of induiijiilkiticpn in 
Britain arc rhe tangible tmrta of the beginning? of a new dvtfittkm winch 
a thousand years hence cfieanrhaeologiM and Ins tori an will identify, categorise 
and possibly revere in the same way js we do ihe an dent cultures of the 
Mediterranean, ^iih the Industrial Revolution period, however, we have 
die opportunity to keep the surviving remains alive because wi- are dose 
enough to identify w ith the people who were invoked. This book is largely 
concerned with the physical remains an such, with sketching in their historical 
and technological background and with guiding the visitor to the phxe 
where his imagination may be stimulated. 

In compiling this work I owe rhatik-> to many people who have offered 
encouragement and given me active help and advice. My wife and children 
have entered very much into the spirit of industrial archaeology; at the :ige 
of four my daughter Elisabeth could recognise a tower mill at halt’ a mile, 
tnodd blast furnaces clutter the bedroom of her elder brother Nigel, while 
Malcolm, who was bom during Chapter 4. is already showing signs of 
becoming tnlccted too. My colleagues at Iron bridge have made many useful 
suggestions and brought to my notice iiiiuiiiicrabie sues of interest, To Brian 
flowers. Ivor Brown. Keith Gale, Charles Jiadfield, John Itcdale, Kenneth 
Major and George Watkins I am particularly grateful, tor their kindness in 
reading sections of the draft text and giving invaluable comment and 
criticism. I am deeply indebted to Peter Stoddan, who prepared tile line 
.It a wings, for hi* painstaking attention to detail and his sensitivity to the 
problems of interpreting mechanisms in what we both hope will be a 
comprehensible manner. Brum Bracegirdle was also of very great assistance 
with the visual aspects of the book in making available to me photographs 
from his wMe-rangtog collection. Angus Buchanan, whose friendship I have 
enjoyed over many years, has been of great help and encouragement to me 
and to Kenneth Hudson I have been continually indebted tur icrthig me our 
oftltose inadvertent lapses into anciquariaiusm tmn which anybody involved 
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in archaeology is so easily inveigled Gordon Payne deserves my special 
thanks tot his numerous and helpful suggestions and his comments on the 
draft tnimi script. 

Many other people have supplied me with information. verified tacts and 
offered suggestions and without their help tins hook could not have been 
written. Em recording their names here l am expressing my gratitude but at 
the Same time in no way wish diem to be associated with any errors of fact 
or.st emphasis, for which I am wholly responsible; David Anderson, frank 
Atkinson, Kenneth Barton. John Butt. John Cockcroft. Arthur Comey, 
Joan and Hoy Day. Paul Ellin. Keith Falconer, Bill Gil incur, Douglas 
Hague. Bob Hawkins. Kenned] Hawley. Dan Hogan, John Hume. Derek 
Janes, Michael Lewis, Jeremy Lowe. Morgan Rees. Michael Rix. John 
Robinson. John Sawtell, Michael Stammers, John Stengel bofm. Donald 
Storer. Michael Thomas, Barrie Ttinder, Res Wailes, Margaret Weston 
and t’cier W'hite. 
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Preface to the Third Impression 


b 4 j. little over llie direr yean ii»cc its first the BP 0/ iudrirtfuiJ 

h going into ir* third reprint* jlni one indication of the increasing 
^[Htlsnty tif unluatml iich»lo|j in Britain ^nd oyefsat. Much has liipprncd 
since 197$. irtdudtrip the publication of a new journal, hiduunat jiittaftdchfy 
Keying produced by Oxford Uuivcfiitv L'rei? ui conjunct^ m with tin: Aisodartcm 
for EndnsiriaL Archaeology* and, as a more popular level, of tine mag&rikf Industrial 
Past. 

The Industrial Moimmentt Survey* adiuinirtcred since t<jjtl by the Council for 
Rrirah Archaeology, has now paired wholly mtn the are of the Department of 
the EnTironmenf, the fir *t step in what it is hoped will be a bigger involvement 
of the Department in mdurma! archaeology 

There lias been conridctal lc progress in ihr held of preservation too, including 
the opening T-i' the public id strain pumping nation* at Hertford and Krw Bridge, 
ami at Hove where the Gokiitonc engine* haw become the nucleus ot the Brighton 
& Hove Enginceriiim, Several major museum projects arc under way of which the 
North WoTcm Milium of Inland Navigation at Ellmnerc Port, (he RUck Country 
Mmeum in Dudley and the Chanel Icy Udurfirld Mining Mmctim in Slabbed- 
dnrr arc pcrlurp the mow sipitipni Of those ihaT are already open, two, the 
Gladstone PotterY Mutcuiu ill Slokc and the fronbrUge Gorge Muuntm m Telford. 
Iljvc been named die Mtueum of the Year 197ft Mid 1977 respectively, In 197ft Jeon- 
bridge became the ftnt winner of the new European Museum of the Year Awafd- 

Adaptation of industrial buildings to new usci 11 also becoming widely icCog- 
tmed it a meam of allowing an tiupoftatn or interesting building to ea.m E(i Veep 
mlirt 1 ban bo deiiioycdr <1 Kaiharmeb Dock 111 London md Busk’i warehouse 
m Bristol both, n^w fulfil new rnlet, the former as a u hotel, conference and rciidcTitud 
cample %, (he latter a^ a new ho me (or the Amotfia 1 Gallery- Perhaps these cticoung- 
big sign* will pt ed pi Lire a til one Cotismietivt approach 10 the filled rtf Mlir dock- 
land monurnenM, the great Albert Dock warehmim in Liverpool, 


Ned Covumv 
Jronbridge 
Fcbcmry sy?8 


1 A Perspective on the Nature of Industrial 
Archaeology 


Ik the history of'mankind the Industrial Resolution m Britain a Unique 
phenomenon whom 1 repercu^ion* have spread throughout the world. We 
live Today in a society whose economy b essentially industrial, our prosperity 
is based on the fruits of industrial activity and aui surroundings both urban 
and rural, are largely the result of over two ecu flints of progressive 
iridmtrcriiij turn. Industrial archaeology is concerned largely with those 
surroundings. Its simple terms it is the examination and analysis of the 
physical remains of due Industrial Revolution pefjod. 

The traditionally accepted archaeologist is one who investigates past 
cultures by delving into their surviving remains, and iiis primary investigative 
technique is often excavation. The results of excavanon as a means of acquiring 
evidence liavc enabled Archaeologists over the years to establish the chrono¬ 
logical and geographical divides in man's evolution and to classify particular 
periods by specific chanicterisrics T often based on a type of technology. Thus 
\vc have periods identified by mans use of stone, bronze or iron implement?, 
by die dominance of att imperialist culture like that of the Romans, or by 
a more strrightfcmvatd chronological ihvivioti of convenience, as with 
medieval archaeology, It might appear logical that the period of indm- 
trudisation should receive similar treatment, but until relatively recently this 
has not been done. Firstly there w.ak a fa i lure, perhaps became of die closeness 
in rime, to recognise the full implications <>i the Industrial Revolution in 
cultural terms, coupled with an all too clear appreciation of the damage and 
suffering which it had caused. On die other hand historians had been looking 
at aspects of the industrial period using documentary sources for their 
evidence for many years i in other words rim accepted invcstigaiivr technique 
was one based on archival research rather than excavation. The historian, 
interpreting his evidence to shed light on die nature oi a period, was fuhtiling 
the same role as that of the archaeologist whose only source of information 
might be what lie tbund by digging for u_ 

Howcvrr* in the last 20 years or so there has been j growing appreciation 
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that the pliyaicai remains of the In tin it n a! Revolution pen mi might; also 
have some signiJicancc as sourer oi evidence. The growth of a widespread 
interest in those remains, on the ocher hand, hi< been motivated by nnidt 
more deep-seated and emotionally based feeling* than the purely academic 
recognition that they were a source of potentially valuable information. The 
interest n more than simply 'archaeological'. 3 fact which has Jed to much 
questioning of the validity of the term 'industrial archaeology* and to an 
almost obsessive desire to define ii and justify its existence. It is essential k 
therefore* in readring our own definition of the subject not to resort to 
excessive pontifical ion or the setting ot strict and rigid boundaries around 
something winch is so new. so dynamic in character and in such a fluid 
stage of development, Industrial archaeology will define its own boundaries, 
techniques and disciplines, given time. 

We have suggested that industrial archaeology m, in essence, a period or 
cultural archaeology as Neolithic archaeology, Roman archaeology or 
medieval archaeology arc. It is the archaeology of an era, which in Britain 
is reasonably well denned, called the Industrial Revolution, As a term, 
therefore, industrial archaeology has its greatest relevance whew seen in the 
context of more traditional archaeological period di vis in us One tif its short- 
coming* lias been the word 'industrial** which has created problems of 
definition. Some interpretations suggest that industrial archaeology is con¬ 
cerned specifically with buddings and machines directly associated with 
tediatmlisiifbci in the last a ^ ccntuclu Other* deny the period division and 
regard the subject as covering any industrial activity' of whatever tine from 
flint axe factories and Roman bread ovcm to the Industrial Revolution and 
even later. If we accept the traditional archaeological approach* liowcvcr, 
industrial archaeology might be defined as embracing an epoch in man’s 
evolution, an epoch which in this case has been characterised by indus¬ 
trially lion Perhaps modern archaeology would be moFc appmpriaic- 

The Industrial Revolution period provide then the core area, the main¬ 
spring of industrial archaeology. Hut there h a diffuse penumbra too, into 
which the industrial archaeologist. like the archaeologist of any other period, 
tnuit go to provide a ptTspecrive and context for his main area of interest. 
Industrial archaeology spreads out diroriologically. in terms of subject area 
md in terms ot technique well beyond its obvious centre—hence the need 
for flexible boundaries. Like any other archaeologist (or historian), the 
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industrial archaeologist muse have a el understanding of the antecedents of 
his pirtinilar area of study- Thus the evolution of wind and water power 
in the eighteenth and niitcieciirii cen furies an only be fully appreciated in 
the content of much earlier developments. But to regard industrial 
archaeology as being concerned with only trtdumml ^ciiviry within the last 
2 centuries or so is also to reject the cultural definition. The industrial 
archaeologist. if lie is to have any real understanding of the sites and artefacts 
of ihe Industrial Revolution, must look at the landscape in it^ entirety, 
Industrial archaeology is m part a landscape study, and the industrial 
archaeologist cannot restrict himself wholly to the thematic approach. The 
Industrial Revolution created □ new economy, a new landscape, a new way 
oi life. In terms of the lives of all of us, as inhabitants of an industrial nation— 
die first industrial nan on—it is the most relevant period of our past, not 
only because it is the inosi recent but because die specific cliange* wrought 
during the last zi ccnmri.es provide the foundations of our present society 
and of all other industrial societies throughout the world. 

Tliis one word 'relevance* provides the key to die phenomenal growth of 
interest in industrial archaeology in recent years—,i widespread realisation 
dial this particular period of our past was it? world terms unique and that 
amongst its physical remains are monuments of outstanding and exceptional 
significance. There had been no Industrial Revolution betore in the world, 
and no other nation's subsequent progress cowards industrialisation hid the 
same spontaneity, generated the same range of technological innovations ni 
produced die same landscape changes. Industrial archaeology was thus horn 
not out of a detached or academic interest but on a wave of emotional 
involvement and j deep-seated feeling that i vital part of our past wav being 
destroyed. The ambient conditions oI the mid-1950s were exactly right tor 
the grow th of tins tiew interest. The postwar years were dominated by a 
preoccupation with growth in an obsessive, almost iiiiieEcenth-eciitEiry, way- 
with the creation of new industry, new towns, a new foundation for future 
prosperity—but at the same time coupled quite specifically with the destruc¬ 
tion of much w hich was old. For once the occurrences nf the past provided 
1 he lessen* for the future and the new period of exploitation of resources 
created a backlash—a vital and dynamic feeling for the environment based 
on an appreciation, for the first nine, that 11 was delicate and sensitive to 
uninformed meddling. The Industrial Revolution had provided the awful 
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cm tuple, aid while most people recognised that the worst excesses of 
industrialisation had to go, they recognised too that society was not in a 
sufficient sfcue of moral responsibility to prevent the same tort of thing from 
happening again. The grow th of industrial archaeology is just one facet of 
this widespread interest in ihr landscape and its future. 

Other factor, contributed to the growth of industrial archaeology. Not 
only did the destruction of huge areas of eighteenth- and nineteenth-century 
Britain create a reaction and an awareness of their significance but the 
preoccupation with die stimulation ot new economic activity resulted in 
past periods ol growth and their achievements raking on a new fascination. 
The physical monuments of those who had so spectacularly generated growth 
m the Industrial Revolution were appreciated in a way which would have 
been impossible in the 1030s, when industry was associated in the minds of 
everybody with unemployment, decay, desperately miserable towns, and 
landscapes of destruction. The tnid-ifljjca, therefore, saw for the first time 
the growth of .1 national pride in past industrial achievement which began 
to counterbalance those adverse social consciences that had formerly 
been so wholeheartedly associated with it. There was thus die curious 
phenomenon of a new and widespread environmental awareness arising in 
response to the depredations of postwar development and the fear that 

lV ! Ili £ h! Tf iL T lf COUpIcd witb thc thinnings Of an appreciation 
that the Industrial Revolution period, so long held in disregard, was ofvm 

special significance and that some of its physical remains formed, in effect, 
the real and tangible evidence of die origins of our present culture This 
paradox has caused the indu,trial archaeologist some difficulty- in establishing 
h* credibility, particularly when it comes to the preservation of sires and 
areas winch are historically significant but arc outside the currently accepted 
and relatively narrow areas of contemporary aesthetic appreciation Never- 
ihdeSi. within tins new climate of environmental and historical awareness, 
industrial archaeology was able to grow from a seed ,nm 3 sturdy »p!ing 
The factors providing the essentia! motivation for the widespread interest 
m industrial archaeology were therefor* numerous, embracing not onlv the 
recording ot the archaeological evidence winch sites might hold but the 
desire ro preserve 4 vital part of the national heritage. In addition came new 
in 1 crest, in die aesthetic aspects of industrial artefacts, a further stimulation 
to the enthusiasm for tilings mechanical which had always had a large 
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following, and more recently the appreciation of^umc of the possible soda] 
benefit which the conferva tion of, for example* iudmtnil re sideline] areas 
might have, industrial archaeology has thus grown to be a broad-based 
study encompassing more than die words 'industrial' and ‘archaeology* 
would seem to imply. It is already inconceivable that another, mare jppren 
prUtr, fern? will ever emerge to supplant it. 'Industrial Archaeology" is 
obscure in origin but was probably coined in Manchester in the early iyj«. 
Its first appearance in prim occurred in 1955* witch Michael Rix published 
an article in Th* AtttdStu? Historian emphasising rhe need to record and 
preserve the remains of industrialisation before they disappeared 

The dynamism which has characterised die growth of industrial 
archaeology over the past few years lu<* resulted from the face dial Luge 
numbers of people with differing background* of work and education can 
make a ml contribution to its advancement. As a study it draws its life-blood 
from a wide variety of disciplines, demanding an appreciation on the one 
hind nt econo tine or social history or geography and on the other of a 
know ledge of inechanicaJ or cis-il engineering, ol metallurgy or architecture. 
But because it is so ail-cm bracings almost anybody,, regardless of any 
specialist knowledge or dull, -can nuke a contribution in one way or another. 
Industrial archaeology, like the other archaeologies, has attracted a wide 
variety of people from many different walks of life, and numerous local 
societies have been formed- Unlike traditional archaeology, however, 
industrial archaeology has not developed a caucus of trained professionals— 
there is as yet no way of becoming a qualified industrial archaeologist. 

This broad base of awareness which enabled industrial archaeology to gain 
ground so rapidly has been both its strength and its weakness. Lacking 
respectable academic origins, industrial archaeology has been the subject of 
considerable criticism» its inter -disciplinary naftn and absent .■ o1 iccepunl 
Tecbnicji standards making it unpiLiiable to many traditionally based 
academics. Nevertheless the problems of indusural archaeology have caught 
ibc imagination of large numbers of people, who as amateur* or professionals 
are rapidly gaining the ski lb peccary to achieve the right ton of standard*. 
Industrial archaeology ta* developed, generally speaking, outside the orbit 
of tradinonil archaeological activity, and only very recently have industrial 
archaeologist* begun ro pick up the well established techniques of die 
additional ardueoldgbt and apply them to rhb new study. There -ire few 
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practical technique! peculiar to industrial archaeology although some, such 
,is die recording ol machinery and various aspects of conservation. pose 
specific problems which will undoubtedly provide the inundation for con¬ 
siderable industrial an.[urological research in the future. 

I: is becoming increasingly dear that the industrial archaeologist bv 
working in the field, analysing sites, can mate a real contribution to our sum 
total of know ledge. In other words there is a truly archaeological' clement 
ed the study, the potential of which has hardly been developed. Not only is 
the industrial archaeologist, in his role as a fieldivorkcr and interpreter of the 
landscape, in a position to provide an extra dimension to the existing findings 
or historian* who have used only documentary sources but there are a number 
ot arras ot HH'euigatinn where field evidence is itself the primary source. 
For example, no documentary information exists 10 provide a detailed 
explanation ot the development of iron railways, or pi ate ways, from the 
mid-eigliE«m]i tent my onwards. Archaeological evidence alone exists to 
reveal die regional differences between various types of primitive plate way, 
the technology of their track systems, rail and sleeper design and earthworks. 
Documentary evidence fails to provide information on the philosophy 
applied to their capitalisation but die industrial archaeologist in die field, 
using the simplest techniques of observation and surveying, can readily 
appreciate die filet that some early railways were literally laid on the existing 
ground surface while others, deigned to folfij the same function, needed 
massive earthworks with major embankments, cuttings and bridges. 

Similarly, industrial archaeological investigation has provided conclusive 
evidence of the evolutionary stages m the transition from timber IO ,ran 
framing in factory buildings. Again, no extraordinary techniques have been 
used, merely these already developed by historians of architecture; but 
without die availability of the physical remains of the buildings themselves 
<mr understanding of this fundamental advance m structural engineering 
would be incomplete. Metallurgical analysis applied to the dags of «rfy 
blast furnaces provides ycl another example of physical remains yielding 
evidence of value. Although Ln rm mc-.in> rescricccd so iriiiusrn.d Rwulmisiri 
sites, slag analysis enables the historian of metallurgy to g 3 i n a j( j CJ 

of the mw materials used and their sources, the tcui^erjiurcs at which die 
furnace operated u,J live nature of the finished product. As ycr in Iti m fanes 
laboratory analyst* of slags, and indeed of the metal products themselves 
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may provide a rditjve dating technique of groat importance. 

A completely different approach lo site evidence ii the area surveying and 
mapping of types of industrial installation. workers’ housing, watcruulh or 
mine shafts as a means of establishing distributional patterns. Here die tech¬ 
niques of the geographer and statistician arc required, coupled, as always, 
with an undcrstiindmg of die general picture of economic activity. Relations 
can in 1 established between types of waterwheel and die gradient profile 
and consistency of flow of streamy between blast furnace design and ibr 
qualities of the raw materials charge, between topography ami the flue 
arrangements -of lead nil chert mid between turfite geology atid road 
tuntpiking. These ate all simple trample* of the mle field evidence can play 
in the assembly of information. The industrial archaeologist then it a 
correlator of evidence, synthesis tug data from documents, maps and fidJ 
rental m to gain a general picture* 

The anefaers of imWnaiisiriun can in other Ways also provide an 
appreciation of theevohmon of technology which would be quite impossible 
From documentary sources. Many ot the innovations which formed the 
basis for progress in the eighteenth ami early mneuemh centuries were 
brought about by craftsmen whose contribution was rarely, if ever, docu¬ 
mented, Frequently die situation arises of a company with substantially 
complete commercial records being able to give no information it 4]] on the 
manufacturing processes which provided the Mu11d.1t;cm of its existence. 
The key to the understanding of these processes is in the surviving artefacts, 
which may take the form of the manufacturing equipment or the products 
that were made with It They often also provide an insight into the Jives and 
intellects of the people who made am! worked wish them far mure potent 
dun any written evidence could do, even supposing it existed. The craftsman 
as m innovator as well as a producer* personally and physically involved in 
the miimitacturiiig proeos, using the mft skills he had acquired through an 
apprenticeship and which lie applied intuitively in his everyday work, wat 
fundaments I to the progress of industrial technology. James Nasmyth, 
himself an inventor of some stature, wrote of that great craftsman* entre¬ 
preneur and innovator Henry Mauds lay. with whom he worked for a time 
as an assistant: *To be perm it tod to stand by and watch rite systematic way- 
in which Mr. Mauds! ay would tint mirk or line cult his work, and the 
masterly manner in which he would deal with his materials and cause them 
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io assume die desired forms* was a treat beyond all expression. Every stroke 
of the hammer, chisel or tile, told as an effective step [awards die intended 
result. It -was a never-to-be-forgotten lesson in workmanship in tlic most 
exalted sense of the term/ Herein lies what much of industrial archaeology 
is all about: appreciation and understanding of die genius for Umova dot! 
ami the skill in making things combined with recognition of the practical 
andl aesthetic {qualities of workmanship* tor which the original object is 
essential. 

The physical remains ofindustnalmtion thus lor transcend in importance 
their role jv pun- historical evidence, which fact ha 1 * provided the primary 
motivating spirit behind the widespread interew m industrial archaeology. 
To an mcieasing number of people the engines and machines, factories, 
mi lit and warehouses, canals and railways which came to dominate the 
landscape in the lost z centuries have become significant as part of our 
cultural hen cage; they afe mi pi anted in tin: subconscious of innumerable 
ordinary people who, with no background of scholarship nr itaining in 
artistic or archiEecttir.il apptedathm, find tiumisdvcs responding aesthetically 
to the sweeper a railway t taring through i wooded valley, to [he triumphant 
striding of a viaduct, to the sound and smell* of a pcifeetjy running mill 
engine or the rhythm and symmetry of an cigblccmh-ccntury textile mill 
Noe only do these monument* to Uidustiialisatkin represent a functional 
perfection of design bur their heroic scale, often so perfectly assimilated into 
die landscape, excites the imagination and stimulates die sense*. They 
represent the skill and inventiveness* advenwrOLisucss and suffering of the 
tint Indus trial Revolution, Their study ami preservation is tilt justification 
for industrial archaeology, 
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As we h AYV KOI* industrial archaeology n relatively new* hut some people 
had been concerned with it very catly on As early as the Great Exhibition 
of issi it was appreciated that there w etc technologically important 
machines dating from tlic early years of die Industrial Revolution dial were 
worthy of pmaitatiian to the public. The beginnings of what is now called 
the Science Museum, m London, were a tangible expression of this apprecia¬ 
tion. and items such as early stationary steam engines and railway locomotive 
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were collected and preserved. Indeed die impotence of preserving loco¬ 
motives was recognised at a remarkably early date, with the rcsuJf that 
Britain, thr* birthplace of the steam railway; possesses a very complete senes 
of early examples* including, ua die Science Museum alone, Pttffmg Billy oi 
iflij, and ft?dhsr* £<w fiirrif and Ntfifty of 1829. *H three of which were 
com pea tors at the Barnhill trials. Museums in F din burgh, Newcastle and 
York oho contain prc-tSjo locomotives. The York Railway Museum, 
opened in 192& by die London & North Eastern Railway in die aftermath of 
the Stockton & Darlington Railway centenary celebrations of 101). was the 
first large museum of its type, and another exhibition* sii Newca^-upOiJ- 
Tyne, provided the initial collection? and led to the opening there oe the 
Museum of Science Ik Engineering in K134 Fheae arc all museums of the 
traditional type in which exhibits are collected and brought into a building 
where they are. Space permitting* exhibited to the public, jnd the justification 
for most of these early collection* was that die items m them represented 
outstanding tontrihutiesns to the development of engineering and tedmulogy; 
eh many cases they were ‘firsts'. Little it any recognition was given to the 
social or economic context of die material col leered- 
Active study of at least tin- technological aspects of industrialisation is 
also much older than industrial archaeology jpd centres largely around the 
work of the Newcomen Society, which was formed as a result of the James 
Watt centenary celebrations held in Birmingham in 1919, Its object is to 
support and encourage study and research in the history' of engineering and 
techmologVj and the preservation of records, both technical amJ biographical. 
Although the society takes its name from Thomas Newcomen (1663-1 Tip), 
the father of the steam engine, its interest* cover all aspects of industrial, and 
in some ease* predndustriil technology, The Transaction* form an invaluable 
source ot mtornucionp and to these and the dedication and enthusiasm of 
Newcomen members over more than 5° yc4T>, industrial archaeology owes 
a great debt, There were, of course, individuals working in the field and 
publishing the results of their work in the transactions oflocot archaeological, 
historical and philosophical societies. An early and unusual example deserves 
note because of its title. 'The Archaeology of the W est Cumberland Coal 
Trade 1 by Isaac Fletcher, published in the Transactions a/the Cumberland and 
Westmorland Antiquarian atul A*dmwIogkaI Shirty in rM- but there is no 
evidence that this use of the term archaeology" in the context of industrial 
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re maim hart any influence on the development of the modem term 80 years 
later. 

Hie spontaneous growth ot industrial archaeology in tin* late 1950s and 
early lurios manifested itself in a variety of ways. Workers' Educational 
Association and University Extra-Mural [department classes were some of 
the first 'tornttl* gatherings of people interested in the subject, together with 
a number of regional conferences From which grew the first local industrial 
archaeological societies. Almost invariably the driving force behind these 
newly Formed groups was rhe need to record industrial monuments be Lore 
they were destroyed, and the early lead given by the Council for British 
Archaeology (CBA) in establishing a basic recording system provided 1 
Local point and stimulus of considerable importance 

hi 1919 *hc CBA established an Industrial Archaeological Research Com¬ 
mittee as .1 means of extending into this new Field it* existing role, which it 
had played since its inception in 194.5, of coordinating the work of regional 
archaeological societies, Subsequently an Advisory Panel was sec up as a 
subcommittee of the Research Committee in order to develop policies for 
die recording of industrial monuments and. in the event more important, 
procedures For ensuring that they received the right sort of legislative 
protection The then Ministry of Public building* 6 i Works, the government 
depart met! 1 responsible for celled ulntg ancient monuments, also recognised 
at least tfir theoretical need fur an active policy towards the recording and 
preservation of industrial sites and. in conjunction with the CBA, hunched 
the Industrial Monuments Survey (IMS) Rex Whiles, a pillar of the New¬ 
comen Society and an authority on windmill*, was appointed full-time 
consultant to die Survey, and he undoubtedly played an important rote in 
his travels throughout the country in stimulating industrial archaeological 
work at a local level. Later the Survey was Transferred ri> the care of the 
CBA, to whom the Ministry, now part of the Department of the Environ¬ 
ment, makes j eost-covermg contribution. On rite retirement of Mr Whiles, 
Keith Falconer was appointed Survey Officer, reporting to the Advisory 
Band and the Research Committee. Hit work, carried our on a region-by- 
rcgion basis ami in consultation with innumerable local Fieldwork ers 
enables the CBA to recommend industrial monuments For Scheduling, 
under tile Ancient Monuments Acts, and Listing, under planning legislation 
dim bringing industrial archaeological sites into line in law with those of 
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As pan of its policy to embrace industrial archaeology, the CBA also 
initialed 3 record, card System With die object of establishing a ‘national 
record' of industrial menu men tv and provide the Survey with a hasis for 
defining its priorities for listing and scheduling t This system was based 
on a record curd designed id be filled in by field workers arid, despite its 
well recognised inadequacies, this National Record of Industrial Monuments 
(Nil] M) ]| ( lv provided the only theoretically comprehensive and all-embracing 
record of industrial sues for over to years, hi m carfy years the NR1M 
suffered from lack of a tight definition of how die cards should be used 
and, with their compiler* ranging from groups of sdioof children to trained 
engineers, architect* and museum curators, rhe results h:ive inevitably been 
uneven. Hoi only e> there a wide variation in die quality of the entries but 
fhor spread nationally rebec os the distribution of active field workers tat lief 
thin oi industrial vires, Very few local soeiefiev have systematically used the 
CbA card as the basic recording in strum cut to work over au area, although 
individuals with specialist interests have made attempt* eo cover specific 
subjects comprehensively. Despite die*c failing* and the fact that the NRIM 
lus not provided m originally intended service to the Industrial Monument* 
Survey, it is the only existing record widi anything hkc a national coverage, 
;ind although it doe* not generally offer much information on specific 'iites, 
it could form the b;j*is for a national inventory. 

An important contribution to the administration of the NRLM came in 
1905, when ir had become increasingly dear that the CBA and its Survey 
Officer could not offer the secretarial facilities necessary to operate die 
system properly. As a result the Director of the Centre for dir Study of 
the History of Technology at the Univmiiy of Bath, Dr K. A. Buchanan, 
offered to provide a base for the Record, and it has been operated from 
there ever since. Card* are filled in and returned to rhe Centre for copying. 
The original ti returned to die fkldwotkcr concerned ind die three copie* 
made are tiled tor reference, one with the CBA, one with the National 
Monuments Record and one at the University of Batk 

Industrial archaeology, however, has now outgrown the sort of record 
represented by the NR!M f and import am decisions about its future must be 
made before Jong. Most important perhaps is the need to make clear 10 local 
societies and individual field workers whae the needs arc T particularly in 
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relation to rites which arc threatened with destruction, Here the continued 
existence of chc NR 1 M* unless supported by oilier mediamstm for more 
sophisticated recording, could form .1 positive drawback to industrial 
archaeology-, as many people, having tilled in a card, fed that they have 
fulfilled the necessary archaeological obligation towards a sue about to be 
destroyed. 

The situation today dim comprises 4 bade national record in the form of 
the N T R 1 M, the CR A Sumy Ollirer in dose touch with appropriate inspectors 
and investigators m the Department of the Environment, and a wide variety 
of regional recording systems ranging from the superb wort of the Royal 
Com mission on Ancient -uni I iistorical Monuments of Scotland (unfortu¬ 
nately not paralleled in England and WaJa) t to building .surveys by school* 
ot architecture* photographic aiid drawing surveys by some local .mtEiorincs 
and* very selectively, by [he National Monuments Record* and various 
record data assembled by some museums. The assembled infomiatiun 
compiled over the years by the CBA Survey Officer provides a surprisingly 
comprehensive basic record of sites, while there arc certain specialist records 
such as that ot wind and watermill sites put together by the Wind and 
WatermiJI Section of the Society for cite- Protection of Ancient Buildings. 
As if this 1^ not enough 10 bewilder the newcomer anxious to make his 
contribution to industrial archaeology, he is also faced with an increasing 
□umber of local or regional gazetteers of rites covering, for example, Devon, 
the Bristol area, Bath, Greater London, Hertfordshire, Bedfordshire, Sussex, 
Wiltshire anti Lancaster. 

How then can the uninitiated amateur make contact with what :s going 
on in his region? Firstly, there arc the numerous local societies (listed in 
Appendix 3) which cover much of the country. If ihere is no local sociccv, 
contact with tlw Council for British Archaeology may result rn 2 link being 
established w ith one of the fourteen regional CBA groups* some of winch 
have industrial archaeology sections, if nothing coma of this approach, try 
the local museum, which may afford one an opportunity to he involved in 
survey work and/or a practical contribution rn preservation- Lastly, but 
perhaps most uuporcant* there art WE.A and university extra-mural courses, 
which teach the techniques Mid ai the same time allow one to participate in 
what work is going on. Although only the two uni versa ties of Newcastle- 
upon-Tyne and Hull have staff tutors concerned specifically with industrial 
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archaeology, almost all mu counts of sonic sort, usually with outside 
lecturers. 

One of the curious aspects of the develop m cut of industrial archaeology 
over the last za year? has been the absence of my central society or co¬ 
ordinating body entnemed specifically with its needs. The ncanrst approach 
lus been the CBA s Industrie Archaeological Research Committee- In 
other branches of archaeological activity the situation ii quite differem; 
there ate a number of national organisation* representing all jspeers and 
periods ot traditional archaeology, together with specific societies covering, 
tor example, prehistoric, medieval and miu uni archaeology. In addition 
there are organisations such as the Victorian Society or the Georgian Group, 
concerned primarily with architecture but impinging fin industrial itmctures 
to some extern, The Newcomen Society, rhough a [ready well established 
and respected in the held at engineering history, does nor fill die apparent 
8 J P> as its concern is by no mean* primarily ‘aretucologicaT. 

This central Vacuum’ within industrial archaeology was partial Jy filled 
until quite recently by two things. One wav the journal Indwfriat Arthmkgy, 
inaugurated in 1^4 and srill rhe only nanoTial periodical for the subject in 
Britain or, for due muter, anywhere in tFie world. Initially edited bv 
Kenneth Hudson, whose book of the amt- title published in tile previous 
yeai was die first general text on die suhject T tt is now published in Scotland 
under the editorship of Dr John Butt ot the University of Strathclyde, The 
other total pome for industrial archaeology in Britain Wits tile -inn ill I am- 
iertnee held initially in the University of Balk which from iptitf onwards 
provided a yearly oppormniiv for industrial archaeologists m assemble, 
exchange view's and discuss mutml problems. Before bug a uprooted itself 
and moved to Bradford, Glasgow and T in 197 . 1 . die Isle of Man. By now the 
n«d for -i national organisation was becoming imperative, and it was this 
annual conference wlucfi provided die obvious opportunity tor its concep¬ 
tion, Inaugurated in March 1974, the new Association for In diurnal Archaeo¬ 
logy has been set up to rrpreynjit rile interests oi iadunriiJ jrdueojogy at 
a national level, to assist and coordinate the wort of existing regional groups 
and to continue the well cstabltilled pattern uf annual conferences. A BuStmti 
is produced six times a year. The AIA has not been formed to compete with 
or rcphicc the CBA* or to challenge its relation with government depart¬ 
ments, but to strengthen its hand, press for more support for industrial 
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recording and conservation and improve the 4 watchdog* mrvciilance no 
necessary to prevent important structures being demolished willy-nilly. 

CONSEa V AtfON 

The dynamic growth of industrial archaeology throughout the i^Gcs was 
instigated by an awareness that Britain's industrial herttage was vanishing 
and the new ‘movement’, it such m ill-embracing term is appropriate, 
manifested itsdfin two quite separate bodies of activity—those who recorded 
and those who conserved. Naturally enough there was some overlap 
between the two hue distinct areas can nevertheless be identified, with local 
industrial archaeological societies engaged primarily- in ncoriliiig, an 
increasing number of est ah tidied museums expanding to embrace industrial 
archaeology and, perhaps most important, a wave of trusts being set up to 
preserve industrial monuments ut situ. 

W c have already touched on rile involvement of miBCtuni, both nationally 
and locally financed, in industrial preservation well before industrial arcliaeo- 
logy was bom. The Science Museum in London needs mi introduction as 
the national museum of science and technology, while the three other 
national museums, in CardjiT. Edinburgh and Belfast, all have well estab¬ 
lished department* of industry or technology with trained curatorial and 
technical staff From the point of view of conserving industrial artefacts, 
however, all have readied that situation in which the museum as a budding, 
as opposed to the museum w an institutional organisation, h now markedly 
unsiticcd for uhat it has always traditionally been supposed to do. The 
reaction has been curious and not altogether satisfactory. Some museums 
have bent over backwards to continue their traditional role, so that one 
lias the remarkable sight in Edinburgh of m immense industrial waterwheel 
incorporated, without the machinery it drove, in a new museum building, 
while in the National Maritime Museum at Greenwich the dismembered 
remains of a paddle-tug lave been similarly treated. Conservation is a 
function of all museums, md their basic pluh sophy must therefore stem 
from tiie most satisfactory means of achieving tins end. All these national 
museums have large items of industrial material m store, which at least 
means that they have saved equipment from destruction; it is important 
now til cimire that the museums themselves do not destroy primary exhibits 
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in order to make them Jit'. Clearly that are opportunities, where several 
items of the fcuuc type survive, to dijimmle or section in order to explain 
arte! interpret their method of operation (indeed not enough of this sort of 
tlicng is done with, tor example loco motti'a), but. at with all other type* 
oi museum ttdfccdoTL (he integrfry of the primary inairrial must be main- 
Mined intact; The National Museum ot Wales lias realised its conservation 
responsibilities admirably with the retention in sttu of the Dlnorwic slate 
quarry workshop*, and with its plans to develop site museums for eaib 
mining in Glamorgan. 

Provincial museums have also responded to the demands of industrial 
conservation by setting up departments to collect machinery, although 
tew have m had the opportunity to proem lr in iheir public. Several have 
been able to acquire a suitable skr, with ib own intrinsic importance, and 
develop that as a muse:urn. Thus Leicester: Corporation tas taken over the 
disused Abbey Lane sewage pumping station in die city to preserve cite four 
beam engines and develop the site as a museum of technology for the 
hast Mid lam U. Generally speaking, however, the established local authority 
museum los nor responded, either through lack of money or lack of interest, 
to the conservation demands posed by obsolete nulustri.il buildings and the 
machinery they contain. The net result has been the formation of mi m emus 
private bodies, most of which are registered wills tbu Charity Commissioners 
as trusts, m order to conserve, usually on site, important industrial monu¬ 
ments it would he wrong to imagine that all these have developed as a 
result of rile recent growth of interest m industrial archaeology, although by 
tar the majority have done so. Several wind and watermill preservation 
schemes have been going for many years: the Com ri b Engines Preservation 
Society, formed as early as aVJ5 -md now incorporated bio the Trevithick 
Society, preserved several C ornish mine engines before handing them over 
ro the National Trust, while in Sheffield the Council for die Conservation of 
Sheffield Antiquities was instrumental in restating the cutlers 1 grinding shop 
known as Shepherd Wheel. 

The boom in industrial archaeological eotuemrion, however, is much 
more recent, reflecting the general growth of rhe study but more particularly 
perhaps the higher degree of general concern about demolition of historically 
important structures .and areas of towm For she first time ontteemtion ha* 
had to become a positive and dynamic force in its own rig In in order to 
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counter tlicr effect?, of widespread urea redevelopment, In die past an urban 
3ra tended to regenerate on 4 piecemra] basis, a building going here uni 
there and being replaced by another with the same plan and building I be. 
Massive redevelopment, stimulated by the blitz but mote particularly the 
motor ear, resulted, virtually tor the first tune, in huge urban areas being 
replaced by a totally new landscape bearing no relation whatsoever to w hat 
was i here before. Few people would argue for the retention of most of what 
lial gone but the great pressures which Lude up* particularly as die result of 
toad building, have affected much more of uur surroundings than just the 
parts that needed replacement. A sudden stale of appalled realisation of thr 
irreplaceable monuments which have been lost, often unwillingly* has 
generated a widespread reaction, and large numbers of people have become 
personalis involved in LOiiscrvaiton projects. The change m the dimatc sit 
awareness and susceptibility has been quite remarkable, with terms such as 
'comervatioti', ^environment' and "pollution' receiving such unprecedented 
exposure that they have become almost hackneyed. In an era during which 
the w ard 'Victorian' changed from being a derogatory term of abuse to a 
mark of approval, industrial archaeological conservation became well 
cstabUnhcd. 

Undoubtedly the greatest stimulus so this movement w as the desmictioii 
of the EuiBPB arch* Philip Hardwick's triumphal entrance tci the London 
& Birmingham Railway, Looking back now on rts demolition and the con¬ 
troversy which unrounded it the Euscon ardi clearly marked the turning 
point; it was the uuu.il u crificial offering necessary to save succeeding 
ganeratiom nf structures threatened by redevelopment proposals. What is 
:iho particularly pertinent about the Easton disaster is the subsequent 
realisation that die trdi would have ]u«i even more relevance-, sigiiilicmce 
and miMUmcntafay had n been allowed to perform its original function (or 
the new station. There have been numerous other losses too, including the 
demolition of the world's first shot tower, in Bristol, for road widening and 
that of a slightly later but quite different type in Ncwcastlc-upon-T yta. In 
Glasgow the magnificent Randolph & Elder engineering building hav gone, 
as has die spectacular group of six Cornish beam engines at Sudbrook, 
Gloucestershire, which drained the Severn Tunnel Other losses, as die 
result of fire, liave pinpointed the need for vigibnee* where empty buildings 
are concerned in the care of the great Telford warehouses burned dow n at 
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Ellesmere Pam. Chcsliirc. and over structures which ire still tn regular 
everyday use as demonstrated by the loss of i he Britannia tubular bridge 
across die Mcmi Straits, 

The requirements of industrial archaeologies! conservation are multi¬ 
farious, ranging from the site taken over for its historic rigniheanee and 
preserved as a in on u mem or museum to the need to ensure that important 
industrial structures which are still in u$c p such as bridges and runnels, are 
not treated unsympathetically by their owners. In addition there is a growing 
appreciation oi the possibilities which obsolete industrial buildings offer for 
adaptation to new uses. Thus mailings have become concert halts or colour- 
processing laboratories. warehouses have been convened into Bats, granaries 
into offices and mills into hotels, tn Liverpool the city council is considering 
plans for siting the local polytechnic institute in die empty and long- 
threatened warehouses of Albert Dock Jesse Han feys monumental 
v[uadrang!cr of iron, buck and granite doling from the und-t^os, This latter 
type of nidus trial archaeological conservation is in many ways the most 
encouraging, as it demonstrates the cuunnoni potential which existing 
structures have for adaptation and affords excellent opportunities not only 
to keep buildings and dying areas alive but also to retain die essential archie 
tcctural, technological of landscape value. The industrial archaeologist has 
j real and constructive role to play here in tlie identification of significant 
buildings and m ensuring that the specific features which make them 
important are not compromised. 

Far and away die most active sector of industrial archaeological enmerva- 
tinn activity is represented by private ousts or museum societies ofemhutiistic 
part-time industrial archaeologists whose initiative, ingenuity and prodigious 
energies have resulted in large numbers of new projects being undertaken 
in recent years. Many have the uippon of local authorities and an in creating 
number receive grants from die Depan mem of the Environment .ind. if 
they are in Development Areas, from the national tourist boards. Most are 
Concerned with a specific site,, such as j watermill or a pumping station, but 
others cover substantial areas within which individual monument are 
maintained There are an increasing number of open-air museums which 
include industrial archaeological material within the scope of their collecting. 
These arc die successors of the continental open-air folk museums in which 
an area of laud i* designated and buildings an J mac hi lien are recommitted 
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About eighty bodies now administer individual site*! and die number is 
meres sing Almost weekly. A few example* will give some idea of the general 
pattern. At Cheddlcton in Staffordshire a trust lias restored 10 working 
condition a water-powered Hint mill used originally in die preparation of 
Bint for the pottery industry. Beam pirns ping engines fijve ittiacted par¬ 
ticular attention* and private groups have restored ro sreaming condition 
the Ryhope water-pumping station m Sunderland, and iht Cfofion engines 
on the Kenner A Avon Canal Wiltshire, w hich were used to lift water into 
the summit level Preserved manufacturing rites arc less common, but at 
Ruddington in Nottinghamshire a local society intends to buy and restore a 
complex coc vising of two frame work knitters" shops. Eogedicr with the 
hosier's collage and wore. Metalworking project?. include Finch Foundry, 
■in early nineteenth-ccntury scythe works at StkUepath near Okcbamptoii 
ip Devoir and Top Forge. Worthy, in Yorkshire, where wmught-iron 
rail way axles wcic made. One of the largest organisations with nationwide 
involvement in industrial archeological conservation i?i the National Trust 
which, besides administering the Cornish engines already mentioned, is 
responsible lor Conway suspension bridge. Nether AEdcrlcy com mill in 
Cheshire and several watermill in the Eastern Cminrii s jnd windmills uich 
jv Fitwoiie Green in Buckinghamshire and High Ham in Somerset. 

Local authority involvement in conservation is very varied, illustrating 
dearly the way in which hduitrial archaeology 'tills between die stooh* of 
responsibility, In a remit survey on the role of local authorities in industrial 
archaeological conservation earned Mist for the lioyal Town V Until tip 
Institute, rbc replies raqueApomuircs revealed that responsibility tor industrial 
monuments rested with deparuueiu* as diverse as town clerks, libra rks< 
education. records office, archives, engineers md landscape architects, Of 
the 116 respondents, seventeen said their museums were responsible, while 
the greatest majority* forty, said that responsibility rested primarily or solely 
wills the planning department or with a joint architccif and planning 
department. Even within planning departments a variety of sections held 
responsibility. histone buildings was most common, but urban renewal, 
conservation and environment were also named, It is clear thiE industrial 
are!neology, where k comes into contact with rite emits! idled order of 
things, be this represented by an artfueologuiil body, a university, a govern- 
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mint department or a local authority, ha>, not been able lofind i logical ami 
obvious niche in which it can happily be accommodated. 

In Sheffield the museum has taken responsibility for Abbey dale industrial 
hamlet, with its crucible steelworks and water-powered hammers, md the 
same applies in Portsmouth with Equity pumping station, in Birmingham 
with Whole Mill and in Shrewsbury with Colelura pumping station. In 
Derbyshire,, however, the planning depamneru has taken the jniativ cover 
the preservation of Middleton Top winding engine and sections of the 
CromforJ & High Peak Railway, and there are innumerable oilier examples 
up and down the country. It is impormit to appreciate, however, that con¬ 
servation of the industrial archaeological assets ot a sue is not always, or 
indeed usually, the primary motivation bcliiud a planning department > 
involvement; tile main reason is usually derelict land reclamation, with r sc 
provision of scenic walkway's, picnic sites and nature trails. It is essential, 
therefore, for rise industrial archaeological viewpoint to be built into the 
decision-making processes when environ mental conservation schemes ot 
this type are mooted to ensure that (he archaeological integrity of sites u not 
destroyed. A similar problem arises, although nor tjuitv so acute y, wi t t c 
application of tourist board capital to conservation projects, as ere again it 
is not primaril y the archaeological significance of a site which gains it the 
gram but in potential as a tourist attraction. The problem, then, mo ensure 
that the fundamental industrial archaeological conservation pnncplev ami 
priorities are soundly worked out be I ore sites conic umcr t c vinous 
competing pressures of demolition and redevelopment. 

Another area of growth recently has been in die establishment «f open- 
air museums of various types. At Beamish m County Durham a consortium 
of focal authorities supports the North ol England Open Air Museum, set 
up family in 1970 to establish ’an open air m.ivrum lor die purpose ot 
studying, collecting, preserving and exhibiting buildings, machinery .objects 
and information illustrating tlic development of industry and way ot hie m 
die north of England.' Work is now actively in hand oil developing die 
*» acre site, and the first stage of an electric tramway sptem to transport 
visitors around the museum came into operation in die Sprmg ot i»J, 

A other different type of project .s the Iroubndge Gorge Museum m 
Shropshire, set up under the auspices of a Trust termed m i|K Here the 
object is to establish a network museum* in wlucl. the budding*, furnaces. 
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fbrgn, ami machinery «f till* centre of the early Industrial Revolution will 
be preserved in situ. Centred on the Iron Bridge is an area containing many 
other remains of early iron working, together with coalmining, brick and 
tile nuking and porcelain manufacture. The CoislbrookJalr furnace where 
Abraham Darby perfected hit coke-smelting technique in 1705 was ongt- 
nilly cleared, and a small museum established nearby, in tpjg by the then 
owners. Allied Irotifoundcm, and both ore now administered by die Iron- 
bridge Gorge Museum Trust. Three miles a way at the other end of the Gorge 
is the fllists Hill Open Air Museum, also run by the Trust, which is being 
developed as a site on to which buildings and machines can be moved when 
they cannot be preserved in fit it. Here are colliery winding engines, ,1 rc- 
excavired section o! canal, blast fiimacc blowing engines, a printing shop. 
.1 pottery, brick and rile works and numerous other exhibits. Ultimately the 
area will become a landscape of the past designed to re-create in operational 
form various industries which contributed to making East Shropshire so 
important in the eighteen ih and nineteenth ecu tunes. Most of the capital for 
this project, which is estimated to cost something over / p i million, lias been 
raised by appeal to industry, but the Department of the Environment has 
also made a substantial contribution, notably to flic restoration of the bridee 
itself. 

The role of the Department of the Environment is fundamental in the 
development of industrial archaeological conservation policy and practice. 
Not only if the Department responsible for the listing and scheduling of 
industrial monuments but it also makes available capital grants towards con¬ 
servation work and occasionally maintains sites itself. Numerous projects, 
both local authority and private, have received grants from die Ancient 
Monuments Directorate, while money for buildings usually comes through 
the Historic Buildings Council, h is unlikely that large numbers of industrial 
monuments will come wholly under the guardianship of the state, as many 
traditional archaeological sites do; and perhaps only relatively small-scale 
industrial conservation projects need to. Government aisismict to private 
projects, however, is generally money well spent and a highly effective 
method of conservation, It is to the largely unrecognised credit of the 
Department of the Environment that it has made special provisions for 
industrial archaeology; as early as 1965 the Report of the Ancient Monu¬ 
ments Board recognised that the tune had come lor a set policy for dealing 
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with industrial monument* and ihir this should ss far as possible be assimi¬ 
lated, within (be framework of exiting legislation* mio the policy for more 
traditional niofiimlcnts. 

The legislative protection Tor industrial monuments, like government 
sources of money, is diverse in nature, again reflecting the in rcr-dhcipl inary 
nature of industrial archaeology and the difficulty of tirting k neatly in to 
existing compartments. The most important protection is scheduling under 
rise Ati fie esc Monuments Ace*, which is designed to register die fact that the 
preservation of a monument is lit the nations! interest, (hereby enlisting rise 
support of owners and others in the protection of die monument and 
minimising die danger of interference with its raefuid features There ale 
now well over (00 iclicduJeJ in diurnal tnomiinom in Britain, Listing is 
earned our under the Planning Acts and is designed to identify and protect 
buildings of architectural and historical importance either individual I v or 
in groups* at well as build its gs which make an important contribution to a 
towdsrape. Statutory lists grade buildings into three categories; Grade I 
covers those of 'outstanding importance'* total hug some 4 per cent of the 
total or about 4,500 in England and 150 in Wales; Grade II coven buildings 
of'special interest 1 , with particularly important examples being classified as 
Grade II*. the so-called Tirade II sen"; and Grade 111 covers buildings that 
do not normally quality lor the statutory lists but are important enough tu 
Eve drawn to the attention of local authors ties and others so tbit the case for 
preserving them may be fully considered. Another impcimm piece of 
legislation of increasing importance to industrial monuments is the Civic 
Amenities Act 1967, under which conservation areas arc designated. Of the 
3,000 conservation area* in Britain* about one-third are estimated to con¬ 
tain industrial buildings and in some, such .is the Ironbridgc and Coal brook- 
dale Conservation Area in Shropshire* the industrial archaeological feature* 
provide the raison d'etre for designation. 

In its short life to date industrial archaeology has evolved at a startling 
pace* providing 2 focal point for the interests of many people and affording 
a new outlook on a vital period of our paid The haphazard future of some 
ol its techniques is perhaps almost inevitable* but the opportunities exist and 
are rapidly being grasped for improving die situation and systematising 
without stultifying the further pursuit of information and evidence. Ahead) 
industrial Archaeology can command large television audiences, is making a 
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contribution to the growth of tourism nnd ha* j rapidly growing range of 
literature, all developments which would have been inconceivable 20 years 
ago. In growth is likely to continue, with i better organised approach to 
recorditigr particularly in ihc held of what might lie called 'it^rue industrial 
archaeology', iht systematic lecording of structures before they jtc de¬ 
molished, lti the conservation field there may well be a more positive involve¬ 
ment of the Department of tile Environment in the running anil financing 
of private trusts, and 1 recognition* hopefully * by the Depirtment of Educa¬ 
tion and Science that the conservation and interpretation ofindusmd monu¬ 
ment, even where it is outside the scope of the traditional local authority 
museum structure, is a vital part of the national picture. The concept of 
tmhastml archaeology as a fiilly fledged academic discipline in its own right 
is a long way from realisation, but u may w ell eventually come. There are 
already the beginnings of an appreciation that the physical remain,* of the 
Industrial Revolution contain .i body of information whose isolation and 
interpretation require a formalised and disciplined approach. Certainly the 
role of the amateur, or rather part-time* industrial archaeologist—distinc¬ 
tion* between amateur anti professional are to a great extent indrvmi—will 
expand greatly, although again based on the evolution of accepted standards 
of technique, such as those traditional archaeology ha* established for itself 
over the last half-century or more [n Jus trill archaeology h in a way at a 
turning point* having come through the early mages of youth to adolescence 
and the verge ot manhood, fn it* progress towards mammy industrial 
archaeology will be seen in a new perspective, and the viewpoint of the 
industrial archaeologist will become appreciated js an essentia! element in 
the understanding of the society* flir economy, the technology and the 
landscape of the Industrial Revolution. The aim of this book rs to point out 
the re mams of the Industrial Revolution that survive and to sketch in 
something of their context. 


2 The Industrialisation of Britain 


Thu industrial archaeologist* as we have seen, is primarily concerned with 
the examination and analyst* of die physical remain* of the age of indu^- 
tnahsaticn, accepting, as would die archaeologist of any other major epoch* 
that there arc specialist antecedents, within various brandies of technology, 
for example, which must be understood before a lull appreciation of the 
events of the period itself can be gained, Before considering the areas of 
specific interne to the industrial archaeologist industry by industry* it is 
important to consider the historical* social, economic and technological 
framework within which something as complex .as an industrial revolution 
could occur. The term 'Indusdial Revolution' itself 1 bar been tu common 
usage now for nearly a century and was coined at least 44 early as the 1&3.0*. 
What was die Industrial Revolution? Why did it happen in Britain first? 

Historians have been arguing for three generations over the causes behind 
the Industrial Revolution* but the accumulated literature is largely the 
I Reditu re of disagreement. What u certain is that at some point, probably in 
the second half of the eighteenth century—although some would put it 
slightly earlier—Britain racked the point of 'take-off into self-sustained 
growth based on radical changes in methods of production. These change^ 
occurring over a relatively dton Lime, had widespread repercussions 
throughout society, the national economy and the landscape. The changes 
were rapid and their results were there for every one to sec The rale of 
change was indeed 'revolutionary \ 

The beginning of the Industrial Revolution, Therefore, is marked by the 
start oi a rapid rare ot c lunge m the economy from one of 3 backward or 
underdeveloped country to one of i modem industrial nation. In quantitative 
terms it might be possible to pinpoint die start of the Industrial Revolution 
fay identifying the date when the gross national product, representing the 
national income or the total value of goods and services produced in the 
economy, first began to increase by about 1 per cent per annum* for any 
pre-indrnmi] economy would be growing at Jess than 1 per cent per annum. 
Tins take-off point occurred in Britain somewhere between 174,0 and tTftn 
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One of the problems of using the term * revolution', and it wn taken from 
what sorted in France m 1789, is that it implies instant upheaval, an over- 
turning of dd values and their immediate substitution by new, a dramatic 
change whose beginning cun be precisely dated. It appears that this apoca¬ 
lyptic element of comparison is mi red, and this has ted many to criticise the 
use or relevance of the term at dL But if one looks, from the standpoint of 
the second half of die twentieth century, at the changes wrought by die 
E : ranch Revolution and by the British lnJusiii.it Revolution, the com- 
prison again becomes vajid. I he eighteenth century in Britain saw changes 
which produced similar tong-ccrm political effects to those created by the 
bloody revolution in France. There was as much, if not more, oi a difference 
between pre- and post-indu^truJ Britain w between pro and post- 
re votutiaiiary France, The watershed between die essentially medieval and 
die essentially modem economy, tf not marked by a sharp ridgc T was 
nevertheless a real otic. 

Britain was the first country in the world to undergo an industrial trans- 
formation of its national economy. This transformation occurred spon¬ 
taneously, without any outside direction, without any conscious policy at 
st in 111 Li ting industrial growth, without any momentum being directly 
imparted through taxation or through capital being made available. Indeed 
die state showed no interest whatsoever 111 promoting industrial activity or 
encouraging new’ ski Hi, The revolution just happened, and we can only 
surmise nit the reasons why. 

Et is unlikely that any hn$!t factor brought the economy to ihs point of 
take-off A whole complex of interrelated movements* some with thetr 
origins ji far back as the Middle Ages, meted with each other 10 produce 
j druatjon in which the economy ‘wcm critical’ in the second half of the 
eighteenth century. Once the chain reaction had begtin + growth became 
more or less automatic. What factors were involved? Hide were the direct 
economic forces of population growth, of agricultural improvement, of 
increasing rtadc and the growth of markets, of capita! atoiximtarion and the 
development of a flexible banking system, of die breakdown of medieval 
conditions of control and regulation and their supersession by those of 
competition* of business enterprise, of improvement* in communication and 
of technological innovation. There must also have been many rattler in¬ 
fluences resulting from deep-seated stirrings within society—change* 111 
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religion and condi nuns of religion* tolerance, scientific advances and 3 
political situation in wtiicli government, it not giving active support to 
Enjuuri.il enterprise* was at least acquiescent. Conditions ot relative stLibiliry 
in Hritab must also have been important. The country became a haven lor 
political and religious refugees, many of whom brought with them manu¬ 
facturing techniques and the enterprise necessary to pm those techniques 
iuio practice. There were also natural advantages in the availability anti, in 
some eases mare importantly, the do*c proximity to each other of raw 
materials such as good quality sheep pasrurc* iron ore and coking coal and 
consistently flowing streams tear power. Also to bi considered must he 
those entirely forttitioiiA occurrences such ilsc succession of good harvests 
in the 1730*. which contributed to general prosperity and flic creation of 
surpluses, and thus helped to generate a climate within which the other 
components of change could interact more satisfactorily. 

We art not here primarily concerned with the causes of the Industrial 
Revolution hut more w ith the fact of its occurrctice and its physical effects 
on society and the landscape* Nevertheless it is worthwhile looking a little 
deeper into causes in order to gain some understands g of the enormous 
changes brought about by mdnstrialisaEkin. and to follow them through 
into the period of the ludustrF.il Revolution itself- firstly, population. This 
wis Increasing at the end at the seventeenth century in parallel with i 
gradual increase in food supplies. The population of England in 1700 was 
probably slightly mote than 6 millions; it had increased to 6J mill ions by 
ahotir 1750 and then started climbing rapidly to reach just over 9 mil Isons 
by I Sot, flic date of the first census. Economic expansion in the first half of 
the eighteenth century was facilitated by two decades of good harvests alter 
1730. Tilt increase of real incomes provided a market incentive. a stimulus to 
producer* of goods and imported commodities. The increase in foreign 
trade, in addition to the new home demand, was optnuig up colonial 
markets Co home manufacturer*. Population growth, therefore, w'js only 
one of the feature* of this fim phase of industrial grow th, lint was it in tact 
a cause or a consequence of the economic changes? The dramatic growth 
rate after 1770 may have been a mule of the rise in binh t»e T itself resulting 
from the demand for labour leading to earlier marriage and therefore earlier 
parenthood. On the ocher hand social and economic factors such as improved 
food supply and better clothing and housing substantially reduced the death 
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tatc, a trend jcccntuatcd by she beginnings or sinaJlpox Inoculation and 
improved medical know ledge applied so the feeding of children. In the 
middle of the eighteenth century, however, the initial growth took place 
before due period of rapid economic eipansfcn and must therefore be tc- 
gjrdeJ as one of in cans** What is also certain is dial once the balance Jiad 
been tipped in favour oi sdf-mitimed growth, an increased number of 
consumers and waiters became a necessary condition of further industrialJy 
based economic advance. 

Population growth was by no meins evenly distributed and, once indtis- 
mlhatjou had got under way, the effects of a reorientation of the 
population axis were, in terms of landscape changes* of very great impor¬ 
tance. Fig t shows population distributions at the beginning and end of the 
eighteenth century. In ryoo the population was thicker along a line running 
vouth-wcit to Hardiest e I trough die fat agricultural lands of lowland 
England, By i loo that axis had been rumed throngfi go degrees and there ic 
still h is today. The areas m which nuliurry was centred saw a more rapid 
population growth than prcLlmn inanity rural counties, which, although in 
a tew small areas suffering a decline, continued to grow but at a lest- rapid 
rale. Tire growth in the new industrial areas was jioe generated entirely 
from within, there being massive migrations from the countryside. 

By iSjt about one-third of Eng]ami's population was engaged in industry, 
a proportion, hut not of course a total number, which remained more or less 
stable throughout the rest of the century. The “new population* was pre¬ 
dominantly concentrated m towns and cities in the Midlands and North. 
Previously towns, particularly in lowland England, Jiad been evenly spread 
nodal points with primarily market tunetions. (The area of densest popula¬ 
tion on the i?oo map, Fig i, still has this essential character today.) After 
the axis had shifted, enormous urban concentrations grew up. London had 
always been mueli larger chan ,JJ oilier towns. In i Soo it had nearly 900.000 
inhabitants but there were only fourteen other towns with populations of 
over ao.ooo. By London had a population of over a| millions; by then, 
however, there were fifty-four towns and dries with * population between 
10,000 and 100,000. anil seven (Birmingham, Bradford, Bristol, Leeds, 
Liverpool, Manchester and Sheffield) with over too.oco inhabitants. Of 
these only Bristol lay outside the new axial belt of economic and population 
growth- 




DISTRIBUTION OF POPULATION 
IN ENGLAND AND WALES 

BY COUNTIES 


1700 


0 

»00 

200 

300 km 

1— 



-H 


x— i -1—-^ 

0 100 200iflJ 

Population (Hit square mile 


1800 


Over 2000 

260-400 
200-259 
150 - 109 
100 -149 
30 - 99 
0-49 


Fig i 
















THE INDUSTRIALISATION OT BRITAIN 


43 

There were two major factor* in the increased agricultural output which 
went hand in hand with population growth throughout the eighteenth 
century, The first was enclosure* die second the superior methods of hus¬ 
bandry and of farming technology introduced by the great improvers. 
Boib were closely interlocked, enclosure being the essential prerequisite for 
the introduction of new Techniques, Much of the new equipment introduced 
after 1750 would have been useless on the old strips of the open-rtdd system. 
Similarly, introduction of new crops or rotations and methods of animal 
breeding was out of the question in an essential I j feudal agricultural system 
where custom p tradition and the standards oi the poorest quality cultivator 
were dominant in other Euro pean countries, where enclosure lagged behind 
Britain, die introduction of new methods was slower and confined 10 large 
estate farms. Enclosure then was the largest single movement affecting land 
use, and therefore output, because it nude possible all other innovations. 
Enclosure increased the cultivable area by eliminating the commons and 
wastelands which had been essential rough grazing areas under die old 
system, and bringing diem into active agricultural use on die regular 
sequential basis of the new rotation farming. 

By 1750 perhaps lull of England (and the open-field system was confined 
almost entirely 10 lowland England) was enclosed. In some areas open fields 
had never c si sled and in others they had been lung outmoded. These areas 
lay around the edges of a core of unenclosed land with counties such a* 
Northamptonshire at its centre. The soutb-west and the grass counties of 
the Welsh marches, tiie nonh-wesi and the south-eastern counties of Suffolk. 
Essex. Sussex and Kent were all substantially or completely enclosed by the 
middle of the century. For the remainder of England the major period of 
the enclosure movement was t?<5o-i8i^ when most enclosures, in contrast 
to the earlier period, were made as die result of Parliamentary awards. Over 
i B 00O Acts covering 7 million aero were passed between 17^0 and i$QQ k 
with a further tioo by tSt^ The imi batch related general I v to areas where 
grazing and cattlc-fattcning were the dominant t o mu of husbandry, and the 
latter mainly 10 arable land, whose enclosure was stimulated mainly by the 
rise of grain prices during the Napoleonic wars. These enclosures took in 
most of the icmajTiifig open fields- Today one or tw'o areas still survive— 

Lax con in Nottinghamshire and Port] and in Dorset, for example_where 

traditional practices arc continued. 
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The sequence of events, therein re* was firstly the introduction of new 
theories and new crops in the seventeenth century, such as TownshcncTs 
tumip4ed bcock, followed by die tlrst Stages of mechanisation promulgated 
by men like Jethro Tull Diftimon of these ideas on j wide scale came liter 
with, enclosure ami with the increased demand resulting froin j growing 
population, particularly m towns. 

Capital availability was significant to diis 'agricultural revolution*. but it 
was much more important to the new industrial entrepreneurs. The early 
growth of banks, not only rn i, ondon bni in country are^ goo, nude short¬ 
term credit available for agriculture, industry and transport, By rjSo. 
“a hen there were 100 banks outside London, a network of credit extended 
throughout the country h facilitating tile transfer of funds, tile settling of 
debts and the obtaining of cash. By the late iS^cra there were 554 counify 
binkv, after which numbers declined as the} were jbsorbed tutu the big 
joim-stock Links with their networks ui branches. 

The hanks did not, however, provide the key to the much larger quantities 
of capital required by indimriatisn to launch their enterprises. Most mami- 
ticniring industry was in die lunds oi family businesses or partnerships in 
the mid die of ihe eighteenth century. This was to mu me extent iiuvirahfa, as 
without the protection of Limited Liabilities Acts (which did nest come in 
until 1855-^) each partner in an unincorporated business was totally liable 
for its debts, however little he luJ invested in it The 'South Sea Bubble" 
Act of ryao had limited die number of ikirclialJers so eight, vo unless ihc 
company w as set up by Act of Parliament, as j few large enterprise;: like 
canals and later railways were, the corporate responsibilities carried by those 
in industry were considerable. Farmers [ended,. therefore, to be ioun J within 
tin- framework of a family or a church where the tie-- of trust were strong* st. 
With some sectors of the comm uni ry r . such as l he Quakers, family and faith 
were often inextricably interwoven* and the fact that they were debarred 
iron 1 politic a] positions made them rum to those avenues which were open 
to them—industry and commerce. 

Most of the capital that financed the early phase o-f (he Industrial Revolu¬ 
tion came from rwo main sources. Firstly, (here was accumulated capital 
the result of the more or Ici-t continuous expansion in the economy in the 
middle years of the eighteenth century before indiisimlbatirm really go* 
under way. Accumulation of capital in the bunds at Lmdfowncn and 
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merchants^ for example, was considerable* and much of this found its way 
into industry, often industry within the family net wort. 'Outside capital 
was (he other source, the investment by many sectors of the community of 
relatively small sums in an industrial enterprise. The landed aristocracy* 
traditional holders of wealth, were frequently energetic investor! and in 
many eases financed new industries directly themselves, but the savings of 
die professional classes, craftsmen and working men. often through their 
friendly societies, found its way into industry also. One of the great strengths 
of industry in Britain, and conversely one of the greatest heartaches when a 
company killed, was the broad base of industrial investment, seen at its 
extreme in the capitalisation of the railways. 

Another import urn factor was dial, lor many industrial enterprise?, die 
cost of tiie inuiai fixed assets was relative I y low, so 9i was possible io start 
□n a small scale and expand almost entirely on die reinvestment profits. 
Technology was relatively simple and the coflt of buildings and equipment 
nor inordinately large. Given technical expertise in the process, perhaps the 
most valuable single asset lu setting up a new manufacturing firm, it was not 
too difficult to make a start. The number ol skilled craftsmen who left 
established organisations to set up on their own with no more than the 
traditional "life's savings' was considerable, and an almost typical feature of 
some sections of industry, 

We have mentioned population metciscasin important factor, represent- 
mg both a new source of Labour and also a new market for manufactured 
goods, Of increasing significance throughout the eighteenrh century also 
was the development of Britain'* overseas trading connections, lu die 1570s 
England had one major export commodity to woollen doth, which 
accounted for some Ho per cent of tile value of her trade, tiejrly all of which 
wav with North Sea pom of die Atlantic seaboard of Europe, By the t?70s 
she bad a wide ran ge of manufactured exports, of which w ool still consti¬ 
tuted the largest* and a big re-export trade in colonial and export goods. 
Her trade extended no! only tlmuighuut Europe but to America, Africa, 
India and China, Indeed the century after about sfttio has been titled die 
pmod of the 'Commercial Revolution', so important was it to the develops 
meut nl merchant organisation, to capital accumulation and investment and 
to die markes opportunities which were provided to the new industries. 

Firstly, the collapwof Antwerp to the fate sixteenth century as the entccpot 
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fo* Europe led, after a period of kutiai uncertainty, to Fjtglisli merchants 
having to seek their own connections, by sea, with their European markets, 
Because the system of money transfer by bilb of exchange was not de¬ 
veloped in theMr new markets, merchants were bringing hack materia]* for 
which there was initially no immediate home sale, including coarse lineup 
sugar* drugs, cotton, silk* flax; hemp and timber, [n consequence, a thriving 
re-export business developed at the beginning of the seventeenth century, 
but it gradually declined as die home market became more sophisticated 
and as new, often parE-located, industries grew up; these industries some¬ 
times used immigrant labour, as with silk weaving, to absorb these readily 
available raw taatetiak Loudon l>egan to assume the position once held by 
Antwerp, becoming the base for merchant* mJ, as the eighteenth century 
progressed> for financiers, bankers, insurance companies and dipping 
underwriters. 

Before 1640 there was little home demand for the products resulting from 
Britain's small but inc crating long-distance trade with Amj and America, 
winch wat beginning to thrive on the re-export business. Indeed Europe, 
by fir the largest single market untd well into the nineteenth century, had 
great attractions to Britain, whose direct access to di stan t ports enabled her 
to re-export directly or process and then re-export the imports resulting 
from tins trade. The ncrorious triangular trade with West Africa and the 
Americas developed m this way* with weapons and Toys' from Bn tain 
being exchanged (or slaves in WevE Africa. and those slaves exchanged for 
sugar, tobacco* dyestuff* or hardwood hi the West Indies- These imports 
were frequently processed in London, Bristol or Glasgow jnd then rv 
exported to Europe, As home demand grew\ however, the need lore-export 
died away, and completely new imports provided the bad* for hidusrml 
growth. Tlie Lancashire fustian industry anti the Natiiughiiiiishire cotton 
hosiery trade were both based initially on imported Indian cotton. In a dry 
like Bristol a high proportion of the considerable industrial acti vity became 
based on Imported raw material for eventual home consumption. Sugai 
refining, sherry blending and wine bon hug. chocolate making, tobacco 
processing, logwood dye manufacture, even cotton spinning and weaving 
for a short time, all grew up m or around Bristol because it was the place 
of import and thus the logical brnk-of-bulfc point at which to carry out 
processing. 
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liv die Liter pan of the ctghiecnth century the "Commercial Revolution’ 
of the previous too yean had provided Britain with trading connections 
throughout the world, had made London the financial and mercantile centre 
of Europe and was producing an accumulation of capital much of which was 
huding itv way tisto i n diurnal investment- Much of the profit from trade 
went into mining and manufacturing industry. Bristol and London mer¬ 
chant* helped tmancc coalmining and iron making in South Wales, and 
Glasgow and Liverpool merchants put capital into die cotton industries of 
Scotland, snd Lancashire respectively. 

We have now looked at a number nr the major iactors which combined 
to trigger of! the Industrial Revolution, One classic prerequisite, however, 
of the Brilivh Industrial Revolution, although not necessarily of others that 
have come since, remains to \k examined—die role of technological in¬ 
novation. The development of new technologies ws? such ;i remarkable 
and obvious feature of the Industrial Revolution that many people have 
regarded it as the primary cause. fY. them die Industrial Revolution was ± 
technological revolution in which new manufacturing machines were driven 
by new sources of power in new hrgc-4C.de units called factories. So en¬ 
thusiastic was Samuel Snides about this thesis tll.it lie wrote in Elis Lives of 
thr Engineers , t "Our engineer* may be regarded in some measure as the 
makers of modem rivi lira non . . and then went on to pose the t]uc&ti<m» 

1 Are not the men who made the motive power of the country, and im¬ 
mensely increased its productive strength, the men above all others who have 
fended to make the country what it To some extent Smiles wav right, 
hut for new tnventinm in technology to be relevant a whole range of other 
factors, such 33 those we have already considered, liad to be there too. 

Given these favourable baic conditions^ there also had to be a will to 
generate new ideas and a climate in which new ideas, if not Universally 
acceptable, could find currency amongst other enthusiasts, who would 
implement, multiply and perhaps improve upon them. Thar climate was 
growing m Britain throughout the latter parr of ibr sevdiiccmh century and 
the whole of the eighteenth in the form of a new clast of bourgeoisie, 
intelligent but not always educated, well-to-do but not always wealthy, 
articulate but nor always cultured, who owned property, manipulated 
money or followed one of the growing professions. These were not often 
the people who created die new ideas, bin they were the ones who were 
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prepared to listen, who were capable of undemanding and who were 
prepared 10 offer belong. 

Another requirement of technological i mim 1 a cion* although rioc nectssurtly 
or the invention which might precede it, was need. "Necessity is dir mother 
ot invention" it one of those catch jdirast^ which provide a surprising amount 
ol food for thought. The steam engines of 5 a very and then of Newcomen 
were developed because at die specific problem of drain!tig mines and T at 
j much later date, Wart was almost forcibly directed into developing a 
fotaUvt steam engine capable ol driving rotating machinery because Boulton 
appreciated that the need was there. In the United States & different sort of 
necessity in the middle of the nineteenth century resulted in die develops 
ment of sophisticated production machinery as a mean* maintaining and 
itatTcasing output in the lace of an acute shortage of skilled manpower, Tile 
tinislEed product was not necessarily any better, but the technique of mating 
it certainly was. 

Seine inventions relied on inre!feetital gnims r othen on the sy&icmaric 
investigation ol possible alternatives until the right answer came np b and 
others stiIJ required some almost fortuitous outside factor to intervene; 
A bra turn Darby J was undoubtedly aware of the vodal and economic need 
for an alternative fuel to charcoal for iron smelling, although how tar dial 
need was being directly felt in Coalbrooltdide in 1709 is difficult to asses. 
The geological accident of the eminent smtabilitv of the CoaJbrookdilc 
Clod coal far making coke for tin riling purposes must be borne tn mind 
when measuring the significance of die coke smelting technique winch lie 
perfected. Over 3 century and a half later another attempt to find an aiicrna- 
nve fuel. 111 this ease the substitution of coal for coke in locomotive fireboxes, 
was tortuously pursued far years, with innumerable patents and expen- 
iiiened designs, before die pcrteciEon of the brick arch in 1^59 alia wed 
coat to be burnt successfully; Successful invention and in novation demaud 
-1 number of prerequisites—a climate of acceptability, perhaps the one 
feature unique in Britain in the eighteenth century; an obvious need- and 

demem of genius, perseverance: or opportunists or possibly all diree. 

Undoubtedly die cumulative effect of innovation in reels utidogy wai 
beginning to be felt on a large scale by the end of the eighteen ill century. 
Using the simple indicator of patent^ of the j f 6oo lor the whole of the 
century, more than half were registered after T7*fo. We must, ho we vex. 
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allow innovation in technology no more than it* proper importance, for 
although the products of many of the great inventivc engineers provide 
much of the inspiration for the study of industrial archaeology, they had 
relevance only when combined with entrepreneurial ability and the effective 
organisation of capital* the market and the methods of production. Thomas 
Telford was arguably an organiser of men first and foremost and an engineer 
second- The canal network owed little or nothing to advanced technology 
but much marc to the organisation of large numbers of men and the 
mobilisation of capital, hi the textrle industry a whole range ol closely 
inter linked inventions provided the baseline from which the industry 1 could 
free itself from its medieval shackles, though it was in the factory, which was 
primarily a symbol td organisation rather than technology, that the potential 
of these in vent ions was realised. The factory system was being exploited for 
its organiseEioual advantages by people like Benjamin Goct in Leeds, for 
example, before the advantages of power applied to a multiplicity of 
machine* were fully realised - 

tt we accept that the Industrial Revolution had its beginning us the 
eighteenth century, when, if at at!, did it end? Application of the self* 
sustaining growth theory has suggested! tliat j8jq vva* the terminal due, 
the point by which the chain reaction bad got going and the economy was 
in a state of more or !e*s automatic and continuous growth* Certainly some 
industries had undergone a complete technological change bv that tilled 
the textile industry was largely mechanised and power-driven; and the iron 
industry, where both cast iron and wrought trot* were available in quantity, 
was using coal instead of charcoal and the puddling furnace instead of the 
finery and chatery* Canals networked the country and T although not 
rep resell ling any major technological breakthrough, they were an essential 
ingredient of industrial growth both js an internal transport system and as a 
means of getting commodities to and from the ports. If 'revolution* in this 
context only m«m the period of change from one style of economy to 
another, the period when growth rate in the economy accelerated, then the 
choice of [&30 has sonic validity; hut if continuity of growth, particularly 
growth based on new technologies and new industries, is included, that date 
is dearly of no significance at all. Indeed, if we assume continued growth 
based on technology and industry* we must seriously ask ourselves whether 
we arc not still in the period of the Industrial Revolution. 
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The industrial archaeologist needs to take .1 much broader approach. Hr h 
looking primarily at th: period ot industrialisation beginning in the eighteenth 
centurv, but he has to took back beyond that dale 10 find the antecedents to 
explain die evolution of the waterwheel to understand the trimfer from 
charcoal quelling to coke smelling, to dbcover the scientific ground rules 
which had been established in flic sixteenth century and were implicit m 
the development of the atmospheric steam engine. Having accepted that 
iudustmliuEion is under way he mutt apply archaeological rather than his¬ 
torical criteria when trying to settle how far lie goes chronologically. 
The period of take-off as seen by the economic hisromn is quite unsaid 
factory for the industrial arcliacologis^ who is looking at the remains oi 
industrial activity over j much longer period, To him die obsolescence of a 
process or of a social or economic; demand for an industry must loom the 
terminal criteria ‘ absolute date is alrnosr rrrelevanc. 

Lee us consider 1^50 as a terminal daw in relation to die whole period oi 
indubtrblhatinii. Railways were only just beginning to be accepted, the 
Liv erpool & Manchester Railway opening m that year. The shipping industry 
was still largely tradirional and pre-industrial in character, although swam 
power was beginning to be applied- There were 110 iron ships, lei alone steel 
ones. Cheap sted was still more than a quarter ot a century »Wi}\ with 
Henry Bessemer and die convener. Michael Faraday, in i&Jjt, produced j 
C on mu nous electric current, the beginnings of one ol the most lundanicniai 
developments in power for industry of the Utter part of die century. These 
events and many that have come since arc the valid content of the industrial 
arcliaeo legist. 

Lei us examine the magnitude of the effects ol industrialisation on B n cam. 
The economic consequences are measurable and staggering in their scale. 
National income in England and Wales w as j£iJOm in 1770; in Great Britain 
as a whole in 3800 u was £z} 01m m iHjo £jsom and in 1&50 £s*SW* 
Tin* shews j doubling of average income per head. By the end of die 
nineteenth century die national income liad increased by a factor ol about 
fourteen and real income per bead had roughly quadrupled. Despite die 
traditionally pessimistic view of the horrors of industrialisation sciri in Xenm 
ol poverty, of appalling living conditions and ot periodic heavy u item ploy- 
mmt, die real wages of the majority of workers in British indium" were 
rising and their living and working condition, cn artragr, were improving. 
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The statistics of growth for individual industries provide some of the most 
startling indicators nt the effects of iridiums! activity. There were icw ihan 
twenty blast furnaces in "Go. Bs- 1790 this figure had increased to over 
eighty anJ in 1797 England became tor the first lime an exporter of iron and 
iron goods. There were 177 blast furnaces in 1805. 572 in JSjo and 653 in 
tSit- The majority were coke-tired after rSoo, L*ig iron output increased 
from 30,000 tom in 1700 to 250.000 tom by tWot, rtjo.coo by 1830 and 
2 million tons by mid-century. In the cotton industry growth was still 
more spectacular, largely as tile result of the improvements made in machine 
spinning by James Hargreaves, Richard Arkwright and Samuel Crompton 
with the introduction of the jenny, the water frame and the mule respectively, 
Import of raw cotton, which was less than * million lb per year in 17S0 
had risen to over 25 million lb by 1790. 37 5 million lb by 1800 and nearly 
60 million lb in lSoj. The 100 million Jb point was readied in t a 15, 250 
million lb in |8$0 and 620 million in iSje, The number of cotton spindles 
increased similarly from less tlun 2 million in 1780 to 21 million by die 
middle of the nineteenth century'. Mechanisation in weaving of cloth 
developed slightly later bur. once under way, the result:; in terms of 
production were no less remarkable. With hardly any power looms in tSao 
the industry grew to have 50,000 in sSjo :uid 250.000 tn tHjo, The cotton 
industry as a whole employed about half a million people in tHijc, of whom 
about half were Working in factories. Over jo per cent of total production 
was exported, representing in value about 40 per cent of all British exports, 

'Good roads, canals and navigable rivers, by diminishing the expense of 
carnage, put the remote parts of the country nearly on a level with those in 
thr neighbourhood of the town; they are. upon that account, the greatest 
of all improvements ’ No wrote Adam Smith 1 1723-90) 111 the late eighteenth 
century and, withorn doubt, good communications provided thr basis tor 
die factory growth of the iron, the cotton, and many other industries. In 
1750 there were about 1,000 miles of navigable river in England. In the 
following century over 4,000 miles of canals had been built, linking the 
main industrial areas with the rivers, ports and coalfields. Wliat is more 
significant, however, is that uearly tlircewpiarirrs of that canal mileage liad 
been completed by 1800, thus providing, at the beginning of rhe Industrial 
Revolution period, the consolidation and unification of the English market 
that was so essential for growth. The significance of" railways was still greater, 
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and between 1&4O and tif5.0 5,000 route miles were built, more than the 
whole of the country's total emit mileage. The effects of railways were 
fell in many fields beyond chose connected directly with the transport of 
goods. Besides reducing the tune and cost of travel and extending the 
communications system over a w ider area than that covered bv the canal 
network, the railways increased the mobility of labour and further en¬ 
couraged concentration! of population, gave an rnurmotu boost to the iron 
and engineering industries with their demand for rails and locomotives and 
were largely responsible for the new and widespread habit of investment in 
industry By 1850, for the first time ever, a nation wav devoting at least 
to per cmr of it-k total income to capital accumulation in one form or 
another. 

In addition to communication!, cod was essential to the development of 
industry* and the discovery of ways of using coal where once wood had been 
essential was a decisive technological factor in allowing many industries to 
'take oft . The use of coal to generate steam removed industry still further 
from its reliance on nature h\ reducing impendence on water power. As 
early as the beginning of the eighteenth century England had been unique in 
Europe for its large Consumption of coal, probably then about 3 million 
mas per year. By r 800 ir had grown to to million 10 m. almost entirely as the 
result ot increased industrial activity. Coal (in the farm of coke) began to 
replace charcoal for iron smelting and l.itcr far puddling of wrought iron, 
it was the primary fuel of the rapidly expanding brick industry and, of ever- 
increasing importance, it powered the new steam engines Bv 1800 there were 
perhaps t,ooo steam engines in use in England, the large majority pumping 
water from rivets. About 250. however, were driving machines in the cotton 
industry and, as the nineteenth century progressed, steam engines inCrtasing- 
ly replaced human, animal, wind and water pow er. Thus, by 1B3S the cotton 
industry was using 46,000 steam bp and the woo I Ini rndttsirv 17,000, By 
E 850 the textile industry as a whole w as using nearly 100,000 sleam-gener.ited 
hp. All of this was provided by coal, the first raw material in history to be 
measured in millions «>! tons From 10 million ions produced in f 800 output 
grew to million tom in itjo and jo million tons m lis^o. 

These statistical indices of growth tell only a small parr of the story of 
industrial development in Britain during die eighteenth and nineteenth 
centuries, covering up at a single sweep the subtleties ofsodil change and 
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enormities of social tost which can never be fully documented, The remain* 
ot the landscape changes wrought by industry arc still there to be «xn and 
studied by Hie industrial 4rthitciih>gE-st, bin ilk- efforts mi ordinary people 
of those changes, the most radical change* ot environment which any society 
hid ever experienced, on only be pieced together from tVjgtmmury 
n vide tier. Much of this evidence remit* from ih observations of iiunnk-r-* 
not directly involved themselves in iiuhnmaf activity— in chc diaries of 
travellers, the reports ofc eoinmisskuis of enquiry* ami the essays of political 
writers, all of which reflect to a greater or lesser extent the rankular axe 
which then jiithuri IIIJ to grind. Moreover, those jnisrs who did nor repaid 
it as beneath ihcn dignity to portray industrial subject*. provide a Hording 
and perhaps slightly less biased inwght into the nature of Industrial .devolution 
Britain. But despite these conscious attempts .if diacutrienutitm, objective: 
or not, the red magnitude of ilk- change in the way of life ni the ^rdiiury 
■nan -* h iiidimmftiiiiiin gjihritri tmminmtm .md eventually became .l nde 
carrying all before it rxrt never be auracd He rarely documented himself or 
hi> doings, although hi$ songs have some rimes survived* and hi* artefacts— 
k-w 4i the tune- lie almost nun-exhtent today Only the lunisr- in which 
hr lived slid the factories in whirls he WGffbed provide today a widespread, 
tangible and emotive source of evidence which can be analysed, in jisoaa- 
tion with oral and documentary sources to gain some insight into Iris way of 
life. Iris JLititudci and upiraduu. The industrial Uudwape h the pi<ur where 
if all happened and asiudi represents one of the closest contacts we have with 
the people who made it happen 


3 Wind and Water Power 


The twentieth century his wii nosed flic virtual extinction in Britain of 
ilk- uhc of wind .iiij water power tor cummcmaE purposes. Mm's earliest 
engine*. the fan mechanisms to release bun from die slaw nod led but 
labour qt grinding com by hand, have almost ceased working The craft* 
of milling and millwrighting, patted on without micrruption through many 
centuries have also now aliumt disappeared* and only tinr nos^lgia and 
the respect in which we hold these reminders of die beginnings af civilkmon 
have led us to preserve both windmill* and waterrnilIt in cnmidmblr 
numbers A few af diem arc mill working* md m tint way we can keep 
-ilisv then techniques i L \ operation 

The earliest application of die power of water Wit perhaps tti the first 
century Bt probably in Greece. The eachcst In l«wh record of a watermill 
in England is much later, in j charter granted in ad ‘(m by King Ethellxrt 
nt Kent to the owners ot 1 monadic nult east of Dover. Wind power on die 
other hand is of more recent utagr, .md although c.irly wiudinilU were blown 
in Persia and Asia Minor well before the tenth century ah, they do not vrern 
W> luve bmt used in nurtb-w m Europe until the twelfth century Theearhcst 
known iti England appear* in a documentary rdcrencc of Au 1i$H ttrotdanj 
a com mill 111 the village of Wcedley tn Yorkshire. h ii juu conceivable that 
nidi early English mill*, which are rcirugniublf from illiitfratton* as post 
ttulb, were the hm of their ty pe, tor there was a noticeable spread or them 
eastward through Europe during the thirteenth century, suggesting that they 
nuv hive developed quite tiulrpcndcntly of the primitive windmills of 
Persia II t hr. is sh, it rcpit^i nt* a dgtiific mt reversal of the prevailing fbw of 
ideas ferom the East* and may be the first example of West European tech¬ 
nology to find widespread use. 

Wind power had nothing Jibe die impart water lud on the growth of 
induwnaliutioti, for while the wjtcrwhed developed into 4 rdiahlc, con- 
trollabtc and powerful prune mover for driving 1 wide variety of maehmiT y, 
oiicn in very large factories, the windmill kept very much to ip* traditional 
role oi grinding corn and draining km-lying land. ConridtTabk efforts were 
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made io improve its efficiency, but die inherent unreliability of the wi nd 
prevented ii being used to thrive mamifiaiiring equipment where regular 
hours of work and commuiiy of output were essential. k » worthwhile 
therefore considering the wind mil] first, is the story of its evolution and 
decline b outride the mainstream of events dial Jed up to and carried forward 
the large-vralc indmrnahsatbn of Britain during the eighteenth and nine¬ 
teenth centuries, indeed the improvements made to die wind milt* ill of 
wJlidi come -liter the water wheel and steam engine were well established, 
may be regarded as products of the new technology, used to incraue the 
cthesency and reliability of existing capital equipment in m area where 
investment potential wa* low. 

Tie question of availability of capital was an important one, .is a major 
obstacle to ihc use ol power during thr sixteenth and seventeenth centuries 
had been cost, a factor which remained relevant in some agncul rural areas 
almost to the end of die nineteenth century. The capital involved in a wind* 
mill or watermill relative to die power generated Wv (airly high, m tlicfc 
w .v, a tendency to perpetuate non- or. more frequently, animal-pci wt red 
equipment. At a latex [fate the same factors militated in favour of the water¬ 
wheel when it came to the question of its replacement by strain power A 
number of dmm-J Imrse-powercd mechanisms >tiU survive* mainls those 
employed for driving farm machinery, but abo a few Used to raise coal or 
water. More often die building alone remains. In a county like Durham, 
where hor*e gnu were exceptionally numerous, a typical feature of many of 
the farms h alt octagonal building widi a pointed roof- mdi building* mite 
housed a horse walking endlessly around a central spindle coupled by drive 
shaft* to machinery, 


tVINUMILL* 

The earliest type of win dm ill in England \\\\t die post mi ft (Hare 0 ; 
iCs body, which contained the machinery and on which the Sails were 
mourned, stood on j central post about which ic could he rotated tn bring 
tile viili into the wind. The absence of a dominant wind in Britain meant 
that die simpler tvpe of uni-dircciional null which originated m cast and 
south Europe could 1101 be adopted None of these medieval milk survive, 
but ill ultra tions are profuse, all showing the post mill in a form almost 
identical to those existing today, St Margaret^ Chutch. King* h}jm i 


i A pw mUh Drmhiobc. 
Suffolk 



Norfolk (124/l"F 617197}* ha# ;i mid-fouTC«enth ecmurv memorial brass 
depicting 4 post milL and represent at 10m carved in wood hr wen on 1 
titiL^tWiitur) uusemord in United Cathedral (r 0/ST 5S472ft) and an a 
d^eciith—century bench end in the p.indi church of Bishops lydfjrd, 
Somerset (t 64/ST 16^29^), Tins bst example clearly show* the sails mi ttinr 
earliest form. symmetrically mounted on the stocks, 

Ihtr post imlJ. even locby. is remark jble for us technical ingenuity, 
reprevemmg one of div rncdtcv.il carpenter-*greatest achievements in design 
md construLtToiv, U awutd of a small mnber-rraimrJ building designed to 
balance and pivot on a stllglc vertical po\i. Lbr pmi was lick! in jh'mimei b) 
diagonal quarter bars resting *tii 4 pair erf oak cross tree* thair were arranged 
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at right-angles to cadi other and provided ihc base tor the whole structure. 
The wfiftht u( tile body or buck ol the mill ivjs borne by 4 itJHtvcnc 
bciiu. t)ic 'crown tree'. which rented aerpw tin- top of the pent and wav Irtt 
to rotate uri it. Origin ally nt oak pintle would have provided the centre, hut 
later in mm gudgeon was usually fitted. I he end of the crown tree earned 
the Irani r o| the null, mortice and tenon jointed and dowel Jed together, 
with timber diagonal buccs providing fluidity. Very little iron tval nscil. 
From the back of the buck projected a tat! |*>!c that a as lived like a idler to 
orient the mill towards the wind The pole was monied to wooden posts 
arranged around the crrniirife rente of the circle described by rtv tin In some 
eaves, such at m Chillendcn Mill. Kent (tyj/TR .iflSQj}, j wheel on the end 
ol tile tail pole helped support some of die weight t>f the tail l.id-L-t. 

Fatly post inilti, like Hourn Mill* Cambridgeshire ft j 4 II. jiijto), lud a 
urn pie pitched roof but Hum hive die lamilur carved dupe, providing 
greater clearance for the brake wheel, and are generally claij m luwtaritir.i l 
weather boardlDg From die eighteenth century tt became common to 
enclose the uruferframe m a roundhouse, usually built of brick, with a 
conical roof Thu provided useful storage and protected the frame timbers 
from the weather, Holton Mill, Suffolk ii j- TM 40;77c,), ha>a very typical 
roundhouse. 

Tire earliest surviving post mills in England probably date front tile be¬ 
ginning of the seventeenth century, when the fim dated jnsriptiom occur; 
the date i 6 i 7 carved on a timber of Pimmir Mill, (tucks ' t jy'SP U45157). j* 
perhaps the oldest. Bv this time a new type of mill had been imr.xiuccd 
from Europe—the tower mill, which possibly had in origins m rile fifteenth 
century In this type of null the gr.riding machinery was mourned in 1 fixed 
stone or masonry tower, circular in plan and usually conical in elevation. 
On top of the tower was a movable cap on which the windiluft and tails 
were i»tuinted. Only the cap had to be turned to bring the sash into the 
wind, and the drive from thr winds halt was transmitted to the millstones 
mounted in the tower by a central vertical spindle, the Hum shaft. The early 
mwtn were wjiut and cylindrical, like those still to be Ken j h Spain. In 
Britain the type has only turvivcd m Somerset where Ashton Mill, Chapel 
AlkrtPti {lOj/ST 414504}, ts the last complete example. It is maintained by 
Bristol City Museum and 1* open to the public The cap was usually conical 
and covered with dutch or tiles. A thatched cap survives, also in Sommer, 
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ji Hji2.ii 3 iani Mill [t6jf5 T 4 J 3 J 0 j)< 

The first muer mills had tail pule* for routing threap and thk effectively 
limited didr hknght, Similarly ihecykidridl dupe of ihe tower was dictated 
by tlir angle of the w indshafi; which wjt initially honjonral Latcf the 
wtndshaft wm inclined h balancing the weight of die sail* and reducing the 
likehliorkl of them being lifted out of die mid by a freak u ind catching tia-c-iti 
from behind Mil! towm toilld lhe» be cimival in shape* jjid modi more 
^iiiifying itnrctirraRy (Fjg x) 4 Not all Were circular m plan: the towtT of 
Wheatley Mill, OMfoedkhitr (i jii/SP sHyoyai)*w octagonal aid that at West 
Wittering, Suwe* (iSt 'SZ 197972}* u riftiilsu* though standing ud an 
octagonal base 

The third hawt type of w indmill in England was die >mock mill (Plate *)* 
it^. name allegedly demred f'rmti it* dmibnty m appearance to j nun wearing 
a '-mock lx was basically a cower mill, die lower being bpJfl of timber, 
usually on an vxugcm,it plan. At each comer 1 'cant post' extended the full 
height of the mill, it* foot teumg on 4 timber dll. its top providing support 
for ilie circubr rurb on which the cap totaled. The sides between the cant 
po‘.r. had horizontal and diagonal framing and the whole was clad in 
wcadierboaEdi* often p.11 tiled while. The all was ncifmzUly Kt on a brickwork 
pi tnlli to provide 4 hrm I mind at ion, but lii the nineteenth cnitiuY brick 
baics as high a* one or even two storey* became common and thr height of 
the mill wa , no longer tcsirictrrd by the availability of long nmhctv for the 
cant posts. The Wdhngliaxn Knock mill m Cambridgeshire (153/TL 404O97} 
and the very fine Cranbiook Mill. Kent fiTZ'TQ 770350 )* the tallest mill 
in England, are both of ibis type The oldest English smock mil I is at Lacey 
Green. Binlunghamshifr (1 yjj'SP * 19^09}, ft .‘isgmalh erected it 
Chrtsham abont 1650 and moved to its present me in a k a t K and although 
fnbtwdaEly com pi lie, ex 15 now m poor condition. The 3 ai.c mil! to be 
budt m England was ahu a smock indh in i^au at St Margaret's Bay* Kent 
['HjTR 363iji). 

Roth trover and vmock mdli were turmotmted bv rimbcr-frami\i caps 
of . w ide variety of shapes The cap svas earned on horizontal bcaim that 
supported the weigh 1 of ibe sails and wind&haU. Ie revolved on a circular 
curb of timber forming ibc top of thr rower In early i nilli this was greased 
and die tap limply tild on the smooth tiirbce—a ‘dead curb'—but later 
hardwood or iron rollers were fitted to form a live curb" At the front of the 
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cap the ‘weather' of 'brent* beam earned the neck journal of the windiliafL 
the luIict tauj of wliidi ivj> mounted iti 2 thrum bearing on the lhI beam-The 
dHtiiKtivc ihjpo of windmill caps stem to have some regional variation 
although how far ih«e are significant k difficult to as**. The simplest form 
is a triangular gable, as at Bemhridg* Idt of Wight (iflo/SZ 040*75]. m 
eighteenth-tentuts 1 stone tower mill, ermcnWcnilcred on its weather side. 


















hi Ki'iir, twx, Sumy and Susie x caps are shaped like small pnu mill* with 
curved gables Notably examples -ire at Hmtt (ryj/TR F&4665) jeiJ Cran- 
bryok irk Rent A variation of rhk type bin curved in both pfancs ft> conform 
more tn the plan at the top ot rbc cower u the boat-shaped cap round in the 
eastern counties and exemplified by Gibraltar Mill, Great ] 3 ;id field, Essex 
{14H/TL 6SijoS), Simple cones Jo not occur id England, as they do on the 
comment, but demo have a wide distribution, ranging from Pdegate 
(iSjjTQ 161041) aid Setscy (m/SZ &43P33) *n Sussex to West W ratting 
OinbndgcdnrcduMi'TL 604510), and Willem{1 67/ SU 276617) in Wiltshire. 
i-.iJ- and iw ^y the ttnwr exotic arc die ogee mill cjtn of Lmcohdiirc T which 
arc nude .ill the more pronimem by the tall brick towers they usually 







60 


WIND AND w ater fowEk 


surmount. They occur throng horn aitfin England, however, with subtle 
variations in -shape from one area to another; Some have slightly flared bases, 
as at BuiwdJ, Cambridgeshire i i jj/TL syoftojJ. while others achieve an 
almost onion shape. Some arc boarded and covered in painted canvas, and 
others have sheet copper cladding that has often weathered green. Almost 
ill have finals, usually in the form of a ball, though occasionally an acem 
style is used. 

Early wind nulls had simple wooden frames on which the canvas sails 
were spread. These frames were mounted symmetrically on stout tapering 
beaitu known as stocks, which were crossed at right-angles and morsteed 
through the end of the wmdsbaft. Lateral support was provided by short 
sail bars, rather like the rungs of a ladder, which were connected at their 
outer ends by light longitudinal ‘hem laths'. By die eighteenth century the 
symmetrical sail had given way to the ‘common sail' seen on many mills 
today, in which the whole surface area was on the trailing side of the stock. 
A narrow wmdboard along the h-.iJing edge direct al tile ur Row on to rhr 
cloth which was arranged on the from of tile sail frame- Pointing lines* 
secured da canvas and were used by die miller iti reeling the sails 10 juii the 
speed of tile wind. As mil's grew larger, ir became common to construct the 
sails is separate units on long tapered whips' which were strapped and bolted 
to die stocks. A major potiu of weakness on carl) nulls w» the joint where 
the stocks were morticed through the wimdshau, but die introduction of 
cast iron provided something of a solution to the problem, die end of the 
shaft being replaced by a massive casting known as a 'canister' or poll eml 
into which the stocks were secured by wedges. 

The common sail was light, simple and aerodynaniicaRy fairly efficient 
but it suffered a major disadvantage in that a change in wind speed necessi¬ 
tated stopping the null and re-arranging the canvas a sail at a time. In t?73 a 
Scottish millwright, Andrew Mciklo of East Lothian, invented a sail com- 
posed of shutters arranged like a Venetian blind and linked by .1 connecting 
rod or shutter bar which tan ihc length of the sail. An adjustable spring at 
the wind shaft end maintained the shutters m the dosed position under normal 
wind pressure hut allowed them la open and spill air during gusts. Spring 
sails controlled by elliptic leaf springs cun be seen on Out wood Mill, Surrey 
(170/TQ 317456}, and Chill end cn Mill, Kent (17J/TR ;6*c4t) The miller 
still had to stop the mill to nuke adjustments u> ihr ■ipriijg tension bur the 
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amouratie regulation wa* a valuable benefit In 1789 a Captain Stephen 
Hooper introduced a roller reefing gear similar 10 that used on wiling craft 
hut it found little favour. 

The most significant step forward m sail design came In 11*07 when 
William Cubiti\ paten 1 tail appeared. For ihe lieu time in nearly 1,000 
Y?m tlie windmill had become a controllable machine m which die sails 
could be marched to ihc wind speed while they rotated. Patent sails retained 
McikJrfs shutters and shutter bars but at the centre the springs were replaced 
by bd banks connected to jij iron \pjJvr\ The spider was mounted on an 
iron kinking tod" which passed through die hollow: wimkhaft and emerged 
at the back ot the null where it terminated lii .1 nck-and-pinioii drive 
com rolled by an endless chain hanging down to thr ground- Moving the 
uriking nod luck wards and forward* operated the shutters. A fully automate 
control was achieved by hanging weights on the chain which held the 
shutters dosed against die Air pressure but still allowed spillage if wind speed 
increased or condition* were gusty. Patent sail* are found on, for example, 
Crai brook Mill and Kerne Mill, Kent (173/TR tKttifis)* md at West 
Wrartmg io Cambridgeshire (us/TL 604510) the mill combines two patent 
with two common cub 

Although most nulls had four mils, Mine were bush with five, *sx and 
■ ven eight in an attempt to increase sail nTC 4 find efficiency- Five sails \\c re 
Ifisi common, as the loss of a sail resulted m imbalance and stoppage until a 
replacement could be fitted. Three live-sail mill* vnlj exivi, ill sn t-incoiu- 
diirc Mmd Foster Mill, Boston (Plate j K 114/TF 511447 ). Burghdc-Mafsh 
(114/TF 504630} and Alford (joj/TF 4577^6) in w hich the sails arc mounted 
on \m iron cross instead of the conventional poll end Sis sails were more 
uttsiirtory and udx-fcul mill could trill operate in balance with mily tbnr if 
wxess ary Hibsey Mill* Lincdmhire (l 14/TF 544510), is an example. Of die 
^cven eight-sail nulls built in England, only one still survives, the spectacular 
Hcckjiigton Mill in Lincolnshire [115/TF 145456), originally built in die 
early nineteenth century but luted with irv present cap and sails in iJi^. 
Bought by Kesteven County Council in 195J and siifa&Cijiiently restored, 
the mill is accessible to die public on enquiry at the adjacent null house 

As wt I lave seal, it was necessary to keep the mills -..lib facing into tlie 
^ ind, and with the medieval post mill* the miller hauled the fail pole around 
and moored u in j sun able position Kc had ro keep j consraur eye on the 
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wind direction and strength eo cniurc npcraiiun and to avoid possiblc 

disaster if the null was tail winded' in a -.torm, Although som* tif the S Jiitdi 
tower mills aki have complex tail pole arrangements for moving their cap, 
in England n became genera! practice to route the cap by continuous chain 
operanng a won 11 driving on to wooden cogi projecting fmiu die curb. 
A good example, and one that nuv easily be wen. b on Bern bridge Mill, 
blc of Wight; but toraiaom variations <™t + frequently with cast-iron 
gears and a toothed iron curb cut in segments, bully automatic luJing of the 
sails canic eti the eighteenth century after Edmund fee's 1745 patent for ilir 
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tintail' or ‘fly 1 . Thu early example of a servo-mechanism is very simple 
in principle and heralded the large number of improvements, which were to 
culminate tn the highly efficient nincirrmh-cemuiy tower null* of the 
eastern counties The FjtiiaiS was a small wooden vmed wind-wheel fitted 
to the back of the mill at right-angles to the sails and coupled through 
gears md shafts to a winding mcchanimr As the w ind veered or backed, rhe 
fantail muled and turned the -ails into the wind. With the high gearing 
ratios used there was great sensitivity to minor variations ip wind direction* 
so typical in England, and the Ian tail became a characteristic feature m other 
European countries as well. Generally speaking the Canta.il drove on to die 
curb of a tower or smock mill to rotate the cap but .1 few post nulls had 
Them also and in these cases the drive was transmitted to wheels at the foot 
of the 'tail pole\ which ran on a. circular track. Post mills with ftntaiK 
include SaxteaJ Green. Suffolk (tj? TM 254*44), maintained by die De¬ 
partment of the Environment and open to the public. Great Ctudull Mill, 
Cambridgeshire (t+S/TL 4njd£], Holion Mill, Suffolk (137/TM 40277*)- 
and Cronin-Hand Mill, Susies {rSj/TQ JH&21J}. 

Tranmiissson of power irnm the sailv to the gnridmg smiles wa* modelled 
ini dully on the medieval watermill and die design nt gearing passed through 
similar stagrs of development in both types. Most early waterwheels* 
particularly in com mills, had 'compass arms', that is spokes morticed into 
tiie wooden shaft, which w as thereby not only weakened but made liable to 
roning. An initial improvement was to provide 'clasp Arms', whereby rhe 
spokes embraced rather than penetrated the shaft* and in the late eighteenth 
century cast-iron bevel wheels i«u|jeT^cded the traditional comb illation of 
wooden face wheel and lantern pinion. Timber gears were never entirely 
displaced, however, and many can still be seen in both wind nulls and water¬ 
mills Sen on can morticed gears in which wooden teeth, usually of hornbeam 
or apple* 4re wedged into a cast-iron wheel which rum against the teeth of 
an all iron gear. This arrangement mil* quietly with the minimum oi wear. 

In the windmill the general arrangement ot the drive was from the great 
face wlicd or 'brAr-whed* mounted on tile wirtdshaft 10 the 'wallower* 
on the top of the vertical main shaft naming down the centre of the mill 
bodv or tower, A "great spur wheel 1 on the puici shaft drove * small Wnc 
nut’ cm cop uf the \tont tpircdlev which m turn rotated the upper runner 
stone Early milts lod am pair of stones, bin as post mills increased in size. 
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a second pair were usualK included. 

Grain was fed to the millstones by gravity. Corn was initially taken by 
sack hoist, which was usually powered by the sails, to the top of the uiijj 
where it was put in the grain bin. A dime took it to a hopper above the 
millstones and die grain trickled from the bottom of the hopper into a 
‘fed shoe’ which was vibrated by the 'damsel \ an extension of the stone 
spindle in die form ot a cam. As the upper or runner stone revolved, grain 
was fed into the eve to be ground and expelled at the outer circumference 
oi the stones. Only the upper stone revolved, and it did not come mto con¬ 
tact with the stationary bedstone below. The space between the surfaces of 
the stones w« carefully controlled to produce the best results. Nevertheless 
the meal falling away Iroin ilit lim oi the stones into the meal spout and 
finally into die bin on the floor below is surprisingly warm 10 the touch, an 
indication of the considerable power absorbed in the grinding process. 
Keeping the stones m correct relation to each other is known as ‘tentering* 
and taxed die ingenuity of both millwright and miller to find a means of 
carrying out the operation automatically The distance apart of die stones 
must relate to the speed of the null, so a number of fetor* had to be related 
As wc have seen, the Lantjd aiuf various automatic patent sails wore in effect 
regulators or servis-medianunu. Another type, which probably originated 
in mills, wo die centrifugal bah governor in which two boh weights when 
rotated at speed moved outwards from the drive spindle This movement 
could be coupled to brake die speed of the sails or. more commonly, to 
regulate the distance apart of the millstones. The use of these governors in 
windmills and watermills almost certainly predates their introduction and 
patenting by James Watt For regulating the supply of steam cl ^ incy 

Many nulls operated two types of stone and both can frequently be seen 
today. In milk or standing drcotsmely in the open, often an indication that a 
windmill nr watermill nearby has gone our of use or Wen demolished. 
Derbyshire Peak stones of grey millstone grit were Used for barley, but 
dour was usually processed on the harder french burr stones which were 
more suitable for finer grinding, Tltoe latter stones were not cut from a 
single piece, as were dir Derbyshire ones, bur built up out ofsecdota of 
quartz cemented together ami bound with iron band*. The surface* of the 
stones had a senes of radial groove* in them which facilitated the grind,m> 
of thc grata and encouraged the resultant meal outward* towards the rim 
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The stones would be dressed from time to time by r centring the grooves 
using hardened steel nsiEl hm wedged into i nmoin maul Not ah tfonos 
revolved in the S3 me direction, although tnUkonc* which t evolved clocks 
wise were easier to circa. This usually implied an anti-dock wise rotation of 
the saita in the normal post mill, It is always possible to work out which way 
the Lads rotated on a derelict or disused mill bv examining the saiittock 
or whip, which was iJwjys at the leading edge of the sails, or by observing 
the wear on the gear teeth 

Not all windmills were for grinding com, their other major me being for 
drainage of low-lying area* web as the Fetn. Wind pvm L -r u;u used extensive¬ 
ly from tliv sixteenth century onwards in the numerous Fen [and drainage 
schemes and a number of windmill* stilt survive* although no longer working. 
Naturally enough they derive same of their design features from Hot hud 
and many had a distinctly Dutch look, wish squat towels, common sails 
and tail pedes. Most early drainage mills were of Tile smock type hut tLiter 
examples were brick* often tatted. The machinery imidc was much simpler 
than that in j. corn nuJI A conventioruj broke wheel on the vsindshaft 
drove the waJIower on the vertical shaft* which at ground level had a bevel 
gear that drove in it* turn j pit wheel on ■ horizontal dtaft On the other 
end of this shaft, usually on the outside of the windmill structure* was a 
scoop wheel which lifted water up and discharged it at j (uglier level 
Sometimes* as at Horsey, * turbine pump was used 

Today few drainage milk survive intact, their tied me beginning 1 quire 
early m the nineteenth ccnturv when Lrgt capacity steam pumps were 
installed, cadi one capable of replacing a number of wj ml mi Ik fine example* 
nf milk cut sftll he veer*. however, ar Widen Fen, Ciuibridgeabmt (tjs/Tl 
563,706). belonging to the National Trusty Honey Mil! [u6t Tt« 457—3) 
and Bcracy Arm^ Mill [ 126' TG 465051)* both in Norfolk. Tlui last mill 
said to be the tailor in East Anglia, lias j 70 ft tower and is preserved by the 
department of the Environment A curious realures is that the scoop wheel 
is separate from the mill itself and connected 10 it by a rowing drive shaft 
ft 14 also unusual in being used for grinding cement duiker and luving access 
only by rail or water. 

Although the trad s non a I null is now completely obsolete, a much more 
recent counter port, which enjoy ext considers bk popularity down to the 
1930% *_4n mEl be found furl y common h, Wind pumps, used fur raising 
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vvjTtr lor firm use, .ire automatic in ojieiaTian. Most lypc-s l«vc a ,! l C ! 
ivirc-brja:;j towtr, with j [milti-bladcd wind uni 1 ami driving <i recipro¬ 
cating lift pump by means of a crankshaft geared Josvn from the uindskift. 
Although relatively modem, operating example', arc becoming surprising !y 
scarce, their retie usually having beat usurped by electric or internal com¬ 
bustion engine pumps. 

There arc still some joo windmills tn Britain of which reasonably complete 
remains survive and many more in die form ' if derelict towers of conversions 
into houses. Most are in the Eastern Counties, with notable concentrations 
in Essen, Kan, Lincolnshire, Norfolk, Suffolk, and Sussex. Many of them 
are preserved There were isolated pockets at wind power ill the west, 
however. Usually in areas where surface water was unavailable or not cauls 
utilised. In England the Somerset levels, Wirral peninsula of Cheshire and 
Fyldc of Lancashire all once had numerous windmills, although little 
evidence of them now' survives, Ashton Mill, Cfupel A lienori f[65/ST 
4 U< 04 ), h the best Somerset example; tiidston Mill (iqp/ST 287)194) near 
Birkenhead still has sails but no internal machinery, sviule on the Fylilr, 
Marsh Mill, Thornton Clevelcy* (94 /$13 J 15426 ). ts being preserved by the 
tool Diiwict Council .On Anglesey, the single area of Wales where windmills 
were eomsnoDi only dcrcJkt towm survive. 


WATliR ?owp 

Hie brst wjtermtlls in Britain w crc for grinding com and this purpose 
remained by fir tlse Hunt widespread use of water power. Unlike the 
windmill. however, water was employed to drive a wide variety of 
industrial equipment, beginning with the water-powered textile fulling 
■mil that was probably developed during the twelfth century. The earliest 
types of waterwheel used in Britain, of which examples snII survive, were 
called None mills. They had vertical shafts and inclined wooden blades 
rather like scoops and developed at the most about jhp. One Norse mill 
preserved 111 Britain n Click Mill in Orkney (HY 290200), which is main¬ 
tained by the Department of die Environment as an Ancient Monument. 
The wheel powers directly a single pair of millstones, the drive being taken 
through the eye of the bottom stone, which remains stationary, the top 
scone routing above st_ 1 r 
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k is known that the Romans used water power in Britain—three water* 
mlU *ites luve been excavated a Jong Hadrians Wall, for example—bur no 
detailed evidence mmves. These Roman tnLlk were probably very hkc the 
waterwheel* used extensively in Britain from die eighth century onwards. 
Known generally as Vitrttvmn mills alter Vitruvius, the engineer and archi¬ 
tect who first described them, they had horizontal shafts with flat buckets 
that dipped into fast miiiung water of a stream or river, besides there 
primitive scream wheels the Romans also used overshot wheels at least a? 
early js the fourth century ad -md possibly earlier. 

Link is known of the development of water power during the Dark 
Ages but by the Dvmrtdtiy Survey, begun in 10S0 and completed sn 1086, 
there were over 5,000 com milts m England, most of them south and east 
of the Rivers Trent and Severn. These were probably of both Norse and 
Vitmvian types, but the Utter eventually predominated, A watermill is 
shown in Fig j T 

By the sixteenth century water was bv far the most important source of 
motive power throughout Europe, and Britain was no exception. Although 
primarily used for com milling h water also drove fulling milk, and hammers 
and bellows necessary for the manuladure of wrought and cast iron, w ire 
drawing equipment, drill- for gun barrels and machinery used to hoist, 
crush ind stomp metalliferous ores. The availability of water for driving 
wheels became an important factor in the location oi industry, md in rlie 
m;inut;ictiirc of wool textiles, tar instance, where manual spinning, carding 
and weaving were carried out a* a cottage industry in Law Anglia and the 
E.isr Midlands, the new water-powered fulling mitb set up on streams in 
the Cots wolds. Yorkshire, the Lake District and the West of England drew 
thr other processes to them. Similarly die iron industry, although primarily 
located near nw materials such as iron ore and charcoal, cook advantage 
where possible of streams c® power hammers -md bellows. In Kent, Sussex 
ami Surrey where the industry wa* centred this was not always easy, as 
streaties Were facomktenr in Bow. In summer men might have to wort the 
wheels like tread mills to keep things going. In the Lake DktricE and Shrop- 
shire, however, two other areas where blast furnaces in particular became 
established, the stream* had 4 more consistent flow, and it is interesting to 
speculate on how induemul shiv factor wav in encouraging die industry to 
there areas. 
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By rhc sixteenth century too a eorpw of knowledge un watmvhed 
technology w 3S being established jdm Fitzherbcn’s Me flf Sun-tying and 
tmprwmtiitt, published posthumously in I jjy, notes that it was common ro 
build com mills riot on large fivers bin on a more convenient site served by 
i man*made millvtreain to * weir. Ficdicrberr also refers to tire need for an 
adeifsutt tall in uilncc to minimise the disadvantages of back-watering, 
which in time of flood mighi cause die wheel to slow down through water 
bu.ilding op below it. He also c.-mhrjm th* breastshot ami overshot wheels 
produced more power than undershot wheels if their buckets were well 
hlted, and that waier should, as far as possible, he prevented from leaving 
the buckets before they readied their lowest point by the building of a close 
fitting breast of brick or fame shaped to the profile of about a quartet ol t h c 
wheel and only an inch or so from it Types of waterwheel are shown in 
f'g 4* 
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TYPES OF WATERWHEEL 
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As imlustmlrulioii got under way in the early years of the eighteenth 
century, the simple undershot wheel was then the most numerous in Britain, 
ft was chrjp and easy to install, needed a minimum of e round worts to 
arrange its water supply mJ did the job for which it was requited effec¬ 
tively if not efficiently. Mechanical inefficiency was of little importance if 
there svas adequate water in the stream all die year round to drive a loss' hp 
wheel reliably. Only when greater power was demanded from limited 
supplies of water did other types of waterwheel become necessary. Thus in 
the eighteenth century eminent engineers such as John Kctinie (1761-1321) 
and Sir Marc Isambard Brunet (i760-1&4y) used large undershot wheels to 
iltivc saw milk at Dartford and Chatham. One important modification in 
the design of the undershot wheel was nude in the early years ot the ninc- 
tccntli century by j. V. bracelet (17*8-1 *67). and became widely adopted 
where maximum efficiency was required from a small head of waiet. By 
curving tfie paddles or blades of else wheel, as shown in Fig 4. he provided 
tor the entry ot water intu die coni part merits without shock, the idea being 
that water would run up the surface of the vanes, come to rest at the inner 
diameter and then fall away from the wheel with practically no velocity. 
Tins design raised the efficiency of the undershot wheel from about 2* f*r 
cent to about 65 per cent. 

Between 1 75 ° and 1850 the waterwheel Came into its own lor industrial 
purposes, well after the steam engine had become tinnJv established. Water 
liad been the primary source of power in the early year, of the Industrial 
Kevoludon and the steam engine was at first as much a product of industrial 
growth as a contributor to its development. Waterwheels were cheap and 
easy to install and could drive machinery which the early mitt-rnmive 
steam engines could no; Indeed the steam engine was used m the middle 
of the eighteenth century to pump back the tail water of die waterwheel 
and even to supply water to wheels which had no stream supply of their 
own, For example. Bedlam furnaces, built on the hank of the Severn at 
Ironbridge in 1757 , relied on a Newcomen type steam engine to lift water 
from the rn-et to drive an overshot and undershot wheel on cadi of the 
two sets of bellows. It is significant too that almost ill the really high h r 
waterwheel installations, developing more dun about too lip. were builr 
between 1020 and 1850, long after the rotative steam engine had became 
wd] ouHrilicif. 



i ftoSKtl MilE h llenbighshire- A icvrntcHith-cnEtivy watrnnlU with j mnctcvmh- 
century wheel 


A major contribution to the iiuprnuciucm of waterwheel design resulted 
tfouj tiie expertiitcub of Joint Smeatori (t 7*4-912) > who hllUt O-nd tested 
models to determine the most efficient rype of wheel He established the 
principle that there mint be considerable losvt* when a jet of wucr ^crike^ 
the lUt blade of jit undershot w heel, and that ir was dearly much better to 
develop power by filling the bucket? of att overshot or breast wheel with 
wjtfr and doing the work by gravity rather than by impulse* SmesKm also 
introduced die ifini ust-imti shaft in 1769^ which was fitted to the water* 
wtiL j ti[ ot 1 furnace blowing engirsr at the Canon Ironworks in Sciirbml 
llnv in itself was an important step forward as one of the major problems 
with developing j brge output waterwheel wqi designing j shaft capable of 
traiiunitrmg the power- Simmon's iron shafts were strong, and although 
they did not solve all the diificdtie?— they were subject TO fracture in the 
region of the danger the y provided some son of answer to the problem 
until better designs were evolved. Plane* 4 and $ w Rofeett Mill show a ca>r- 
iron shaft with w-ooden arim. 










i Rpvctt Mill. Detail of wheel showing cait-iron duft and wooden Jn n> 

MLiat construction throughout followed in the early years of die nine- 
teeniJi century with cast icon replacing wood, Buckrti were made of curved 
shcei iron, with the inlet angle carefully Signed to reduce the shock low 
of water entering the wheel ami the bucket shaped to retain as much water 
as possible during the descent. As the size of Waterwheels increased, both in 
diameter and width, trouble was experienced with air Jocks as the water 
entered the buckets and also, when water m the tail race was high j Hl J the 
bottom of the wheel submerged, with water leaving. The remedy was found 
by Sir Wilium Pairbaini (17^1874) who desen lied it thus; 

It st as observed that when the wheel was loaded in flood waters, each of 
the buckets acted as a water blast, and forced the water and spray to a 
height of 6 or 8 feci above the orifice at which it entered ... in order to 
remedy it openings were cut in the sole plates, and small interior buckets 
attached, inside the sole ... The nr m the bucket made its escape through 
the opening and passed upwards . . . permitting the free reception of the 
water . . . The bucket were thus effectively cleared of air as they were 
filling. ., 
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Faiftaim claimed an increase of power resulting from this modification of 
sumc 25 per cent. 

From the aid ol dir eighteenth century the nv; of high hp iviimvhtxh 
driving factories posed new tratiirrmsiori design problems. Wheels 
developing as much as 100 hp were becoming coin mom and contemporary 
wheel even those made oi iron, could not triLiiumt this power at the 

hn\ speech then employed. The d if frailty was overconu- hv taking the 
pciwer l rent the wheel at irs periphery' where a segmental gear wheel, 
usually of cast-iron sections a inched m rhe rim or spokes of the waterwheel, 
drove 3 smaller pi nines wheel. Tints tile secondary lbate rotated al a much 
h Eg her speed and the wheel shaft had only to be strong enough iu support 
the weight of the waterwheel itself Spoke* too could be of lighter section 
as they no tonger transmitted power, the ultimate result of this trend being 
the suspension w heel 111 which lilt spoka, like the spokes of j bicycle wheel, 
were ot ihm section and ja tension rather than compression, Genera fly 
ipeafeitig the position of the power takc-uCoii waterwheels with a nm drive 
sv ji js dose m pu is 1 ble to w here tl ic paw cr w av he 1 ng generated - mime dial d y 
below the sluice through which water entered the wheel. 

The suspension wheel was ckvdofd by Thomas Cheek Hewes {ijtfS- 
1^32), in engineer and textile machine manufacturer of Manchester, in 
nsodation with William Strutt (1736-1830] of Derby- Hewn was an early 
pioneer m the application of cast and wrought ktm and for a short hut 
crucial period in 1 N 1 r>- r 7 eitipluvcj Wilhuu Fjjrbaim flmcr Sli William)* 
v^ho Uter achieved much great, r renown, Thwane Mill, Hunslet, Leeds 
(9th 1 SE 11831;;), re built in r tin 3 by Hewes and Wren, -till uses Water pnw'Ct 
iu the manufacture of putty. Perhaps the finest smpenston whtd suit in 
existence waa made by die tune firm in 1 Hati for Woodude Milk Aberdeen, 
imJ is now preserved in the Royal Scottish Mtocum Edinburgh. The wheel 
h 25 k in diameter and 4lfi wide, It generated over 2&0 hp with an TSfc 
head of water, transmitting power by 1 tim gear of twelve cast-iron seg- 
metd. There arc forty-eight wooden v audited buckets, twelve wTnughr- 
iron spokes of 2 jin diameter on each side ot the wheel and a similar number 
of diagonal w rought-iron braces. The shaft h of cast iron w ith :i cruciform 
section, is of a rype known as 2 feathered shaft- Similar ones can be seen at 
Hiwiitc Mill, Leeds, and Styal Mill* Cheshire (iOl/Sj 8} 4830). although the 
hitter no longer has the wheel itself Another large suspcn^on wheel ri at 
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Hirtlingtoii Mill, UuiWJ. Wbwfcdalf {90/$ E 042 tiny). Unlomnwtdy 
ihe« most sophisticated of waterwheels, nead i ad of which w «« installed 
to drive factories, have largely disappeared a* die result of die competition 
from 'team engines during die latter put of the nineteenth century . Thus, 
while many hundreds of relatively primitive wheels m rural torn milli 
survive, very few high tip industrial waterwheels still teiuaiii in titu. 

Noi dl luge wheels Were of the pure so,pension type although a number 
had lightweight spoke*. An example is the j j ft diameter overshot wheel ,i 
Kill hope lead mill in Ws-aidaie, County Durham (« 4 yNY Itey+ap). Here the 
spokes Jic of Hat seed On wrought «rou and rigidity is nmmaind hy cross 
braong. The wheel once drove lead i-rushets which, bite die wooden launder 
that supplied its water, have now gone, The sue a preserved as part C l a 
Durham Count) Council picnic area. Another large diameter wheel is at 
Lnthcndale Mill. Keighley, Yorkshire (pj/SD Mt>4S9). Quilt in W.i it is 
44ft m diameter, 5ft tin wide and lias an unusual a r range men t of alternating 
wooden spokes and wrought-tron tension rods. It is a high br«n wiied 
with U-shaped floats of sheet iron and there is an otmidc rim drive. It 
powered cotton spinning and weaving machinery until the 1910s. Ac foster 
UccL Mill, Pateley Bridge. Yorkshire (91 Ml 14*604). a fine external 
breast wheel jMt in diameter. It has svoodcii spokes and rim drive but no 
bracing, and the 'penstock' from which rhe warn was fed to the wheel 
through a sliding hatch or 'diutile it particularfy conspicuous, The wheel 
drove a hemp mill wfakh has now closed and the machinery lus been 
removed. 

The largest waterwheel ever built in Britain is die celebrated L,Hy haMla 
installed ill 1854 by the Great Lastry Mining Company of the Isle of Man 
(S7/SC 4.U852). Ir is 72ft in diameter and lift mi wide and is,, built to 
pump wafer from a lead and due mine r.+tol't deep. Hie drive was bv means 
of a crank on the shaft and two ft of timber connecting rods. The' wheel 
which lias wooden spokes and svroughMrtut diagonal bracing rods is o(the 
pitch hack type {see Fig 4) i« which the water is icverscd m direction at the 
point of Attest in (-pftrrjst to tin: conventionalt overshut wheej where the 
directum of flow is continuous. This somewh.ii unusual feature was 
probably adopted as a meins of securing efficient entry of water mto the 
buckets and to avoid the mutnKttaal problems of carrying the j„ u | ( _ 
level l«i beyond the wheel centre as in a normal overshot wheel. Another 
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possible advantage was that the waller leaving the v. heel flowed away down 
the tail race in the Mine direction as the wheel uas rotating, Hie 

bsr worked the mine pumps in iyao, wig restored jn the Lite lyzo** 
and in 3965 w ji bought by the Manx Government whose To unit ilosid 
now maintains ii, Punng recent renovation* the spoko have been replaced 
by steel girders. clad in timber to retain the original appearance, 
in coastal areas tide nulls took advantage of the laa that water could be 
ponded up in 4 at ml I estuary or creek at high tide and used to drive a water- 
wheel—muj II y of the low hrrai or undershot rypt—over the period of 
low ode. There were rwo working shifts in each 24 hr period and* because 
of the successions] movement of the rules, the tide miller worked somewhat 
unlisted hours, The last operating tide mill [Plate 6) in Britain, on the River 
Udxn at Woodbridge in Suffolk (tso/TM 176847}, is the ^ubjpct of 1 
preservation scheme. The mill ran until when the 22111 squatc o.tk 
shift of tile waterw heel broke,. but since (hen a truss has been established 10 
ruse the manej necessary to restore the machinery -mJ timber-trained 
building. A much less common use of water power was ro dnvc beam 
pumps used in mine drainage and one incomplete example survives at 
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Stmintcj* lead mine, Wanlwthrad. Dumfriesshire ( 651 /NS *53144) At one 
etui of tiic beam is a broken pump rod which onec wan dawn ilk mine 
shift. At the Qtfter end * bucket rod is rotmmed to tin- brim via a ctots- 
hcjd moving m guides acid a connecting rod. The method of ope ration was 
for tltr die bucket to be filled from a nearby stream supply until die weight 
■n water vaused the beam to tall, raising tile other end and the column of 
water in the purup barrel in the shaft. Wluat the full bucket reached the 
end of ht travel, a valvem the bottom was triggered open, the water flowed 
om, and the pump end of the bom, appropriately weighted, tdl. filling the 
pinup bwrd again. The Wa dock head water-buck** engine, which is thought 
to date Worn rite liilios, is being preserved b> the Lcadiiilk and WanJockbrad 
Mines Research Group, It it scheduled 4) an Anooit Monument. A recently 
restored waterwheel-flowered beam pump a situated at Wheal Martyr in 
Cornwall (1B5/SX ootjjj). 

The use of water for power provides 4 fruitful i„d w.,rr While area of 
smdv tor the industrial archaeology, as surviving evidence 111 the form uf 
wheels and the watCRWUne» associated with them is plaitiftd. There ire 
thousands of »n». in England particularly, where 1 small svdr, a riming 
sluice-gate or a dried-up leaf provide the doe .» a once thriving water- 
powered Nsill or Cictotv. Investigate*, qf «fc, remains is in nunv eases 
truly Archaeological in nature, as although documentary or map evidence 
o often available to locate a watermill site, most details of its technoWy— 
what type of wheel and transmission gear was used, foremnmjUcan onlv 
be discovered by fieldwork 

A iiuniher of basic principles can be applied to help with these on-site 
invest! gallons. The basic requirements of a waterwheel were a head of water 
to drive ,t a content and controllable flow of water and avoidance if 
possible, of the effect* of mild flooding. On a large slow-flowing strum Or 
over with a relatively low gradient die easiest and icheipcsi null to build 
would have a short Irat raking water to the wheel which, breath onlv a low 
head would be available, would have to be of the undenhor rype The null 
.night be susceptible to flooding and a more reliable dong might involve a 
longer rat and lailracc (to avoid water hacking up on die wheel) and per- 
bp t a low weir in the over, by using a long |„t a greater head of water 
ssadd be made available, and a breastihot or overshot wheel might be 
installed to provide greater power fora given rizc of wheel, fftlje stream or 
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m'cf wji particularly imrcpribk- tu minor changes in kvd, j font!; wear 
pi.3- t-i! diagonal h .-itro*s the stream could minimise these effects. combintng 
the merits of 4 Jong fat in creating a good head of water 2nd an efficient 
governor lor the wiled. The Emigre (he weir* dtp less variation h there in 
water level during spain. 

!f the stream supply was small or die rims inconsistent. water would have 
m he collet’red m a miripond ami, m certain eases, j type? o f wiled tjiat would 
d^nvt maximum power from a limited supply would Ji^ve to be devised, 
t Iiltc ire two was* ot gaining more powes from- j waterwheel — increasing 
it - width or increasing its diameter. A good example of a wide wheel is to 
be found At CljvertDii f KjG.ST 7!;s^4a) nil tin River Avon ittjf Rath, where 

v, aterv/hed provided power fora k-im pump designed to lift water from 
dir river into the Kerniet & Avon Gmd Here the head a low but the supply 
pivmifuL so tL« obtain the mx^wv power, tins low breittshm whird was 
kills some 14h wiifa Tire pre-unit insulbrkin contain* an interesting design 
modification, a* the shaft of the original c i«io wheel was not surf' enough, 
liid ^ cast-iron A frame and bearing had to be El tied to provide intermediate 
support to the which Hots mtries two wheels in para EJd, each one 

i lit Mu wide. 

In nn itmtii where the volume of water was low and water storage mi- 
practicable or too expensive the only way to obtjm high power outputs was 
in building Ijfgc-diameter wheel* In uuhr taws ihr nippij the water- 
■ h • Wiudd hr |-y 4 pi] H -, .■* .u [* udey bridge P>] SI * i.y^iria) and tin: Lady 
/hjiv//ir; xvnil (he latter the pipe approaches it ground level and nscs vent- 
1 -illy inside .1 stain: tower 10 teed tlse top of die wheel. Another large dLuurter 
where water tup ply has always been j problem n ac PristotL Mill 111 
SouicrviH pftf.,ST o#50t 5) when: .m mm overshot wheel is ted from a pond 

I he i actors which led to the decline of" water power arc more complex 
dum might at firs! be imagined. E lse popular nothin that the *tcam engine* 
was immediately responsible for the elimination of the waterwheel is fir 
'-tom true* and many large and successful waterwheels were being installed 
tlimughotct tile tLrst half of the nineteenth century. Indeed it was not until 
tile 184CK that ncjin engine* were king built to exceed the hp of the largest 
waterwheels. As late as rftja estimates by the first four factory inspectors 
indicate ihat approximately one-third of the power used in cotton mills in 
hrstajji W 'J± from water, A further factor in the decline of water power 
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during tile Utter part of the nineteenth century was tile steadily increasing 
diversion of water from higher districts to supply die domestic needs of the 
new towns, while Fiirbaim, writing in 1864, claimed that land drainage 
achcmes had altered river regimes drastically, resulting in rapid run-off a 
higher incidence of Hooding and subsequent low water conditions, all of 
winch were detrimental to water power users. 

By the tatter part ot the nineteen til century, however, steam engines began 
to replace waterwheels, particularly in large-scale industrial locations where 
technology was evolving rapidly and power requirements were increasing. 
The rurally based industry on die other hand often continued to use the 
waterwheel as us main source of power, perhaps adding a small steam engine 
or later an oil engine as a supplementary source. There was little incentive to 
change from water if it did the job- Maintenance costs were low and nothing 
went on fuel. The major factor in bringing about the closure of the large 
majority of watermills /those grinding com) was not directly related to die 
power source. During tile Liter yean of the nineteenth century die increas¬ 
ing importation of foreign, grains and the introduction of roller mills led to 
very large flour milling complexes being set up at the major ports. The smalt 
miller, whether he was using wind or water power, cuuld rarely compete 
and almost all Hour production soon passed mto die Hamit of big companies. 
Today a few trod I com nulls are still working, mainly for the production 
nf animal feed. 

Nevertheless a surprising number of watersheds can still be seen in 
operation, ui mo« eases preserved, bur indicating the very wide variety nf 
applications in which water power has been used in very recent years. At 
Sticklepath in Devon <| 73 /SX 64394a) is Finch Foundry, a water-powered 
scythe and edge tool works with hammers and grinding wheels. Abbey da Jr 
(tn/SK 325820) and Shepherd Wheel (m/SK 117*54) in Sheffield also have 
preserved and operational waterwheels driving basically the same types of 
equipment, while in Cornwall the Tolgus Tin Company (litySW 6.^0458) 
uses water to drive ore<ruthiqg stamps. At Red ditch, Worcestershire 
(ij i/SP 0466815). a needle mill is water-driven; and at Chrddlrton in North 
Staffordshire (uo/Sj 975526) Him grinding mills are water-powered Work¬ 
ing preserved corn mills include High Mill, Sk.pton {pj/SD 98951*) ( 
Nethtr Alderley. Cheshire (101/Sj » 4476 j), and Preston Mill, Gait L]n , on ‘ 
East Lothian (fij/NT S® 57751) * 


4 Steam and Internal Combustion Engines 


f: is perhaps not generally realised that a high proportion of ihr total 
requirements of energy in Britain roday is satined by attain power in die 
ri>rm of steam lurbmes* which are amaugst the largest and most efficient 
prime movers employing heat energy, and generate most of the ekcmdty 
v. l Lis-c.', At one time the reciprocating steam engine, that is one employing 
a piston moving backward* and lorwareh m a cylinder, held dm prc~ 
eminent position, but although it ha* not been entire[y displaced, mlII finding 
'V'CCialiit applications in 4 number oi its mu lias declined considerably. 

Su-iiil turbine*, diesel engine* and gas turbine* have superseded n after over 
-50 years, during which period the sream engine was unchallenged for a] most 
two cemunes, In those zoo years Bn cam and many other countries were 
transformed intu highly indium .ilfrcd, teduiology-based societiest the sig¬ 
nificance of the steam engine in bringing about ibis transformation is 
mat i triable. A* a means of drain mg mines, of powering textile machinery 
ot driving railway locomotives md rinp^ and now of generating electricity, 
tlsr power ot sicjni + bntm L ii successfully in the early year* of die ctglumiEh 
century, is without doubt rite greatcst single teds nologjc.ii tactor in the huge 
will and economic changes which we have called the Industrial Revolution. 
The significance ai the steam engine far transcends its purely technical 
aspects; its evolution was the first major step in the liberation of mankind 
trom toil and the development of our complex society. 

THE STEAM ENGINE 

Ui the late seventeenth century mines liatl become mffidmtly deep to create 
senou* problems of drainage, a difficulty overcome tn some instance* by die 
use cif water-powered pumps but mote often by men and horses. Severe 
limitations were imposed cm further deep mining by die capacity and 
expense of mitit-pumpiag equipment. Ir was into tins field of outstanding 
need that the steam engine came as a result of the discovery that rite pressure 
of tile atmosphere could be applied to do useful work, 
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Before examining the evolution of the steam engine proper it will be 
worthwhile to consider the state of experimental science at the end of the 
seventeenth century and the extent of site know 1 [edge about the atmosphere 
and the properties of gases at that rime. As curly as the first century ad 
H ero ot Alexandria had demonstrated that gases expanded .uni contracted 
when healed and cooled respectively, but ir w.,s not until 160A that an ex¬ 
periment, carried out by Giovanni Ikinistj della Porta ot Naples, used the 
pressure ot steam generated in a link to force the water out of an enclosed 
tank. He also described [iotv a flask full of steam and with its neck in a vessel 
of water would draw up water as the steam condensed. the principle being 
that nature abhorred a vacuum. The tun da mental breakthrough, the 
realisation that the atmosphere has weight, was made in 164$ by Evangelista 
Torricelli (1008-47), a pupil of Galileo, when Attempting to explain why a 
suction pump would not draw water from 4 depth greater than about iS ft. 
After experiments with mercury he stated that the atmosphere exerted a 
pressure because of its weight and that this would support a column of 
water is it high or. in the case ot tile much deliver mercury, sonic jo in in 
height. It was this discovery that cstabliilied one of the basic principles on 
which the first generation ot steam engines depended and also, of course, 
resulted in the invention of the mercurial barometer. 

The power of atmospheric press are was further demonstrated in the lOyos 
by Otto von Guerfck* (l6ba-66), i f Magdeburg, who succeeded in evacuat¬ 
ing a copper sphere, which resulted in us collapse. Later hr evacuated the 
air from a cylinder having an accurately luting piston and utilised the 
atmospheric pressure to raise a weight of over 4 tun. It was the Dutch 
scientist Christiaan Huygens (nfcp-95), and Ins assistant Denis Pa pm {1*47- 
171a?), however, who in 1690 used the condensation of steam beneath a 
piston in a cylinder as a means of creating the vacuum, a great improvement 
on tile air pump mod by von Guericke. Although 1 ’apm never developed 
his ideas to a larger stale than on experimental model with a iGn diameter 
cylinder, he had in lib grasp all the fundamental* that were to be applies] 
in practical terms by Thomas Newcomen jo years later. 

The first practical application of steam power and a steam-generated 
vacuum for mine drainage was, however, not evolved from Papin's work 
with pistons in cylinders but derived its principles from della Porta's steam 
pressure and vacuum experiments of lOort. In 169ft Thomas $ 4V cry (c i6jo- 
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1717) , a Cornish engineer, patented j machine for (he 'Hiisemg of Water.,. 
by tlie [mpdhiu Force of Tut. Steam from a boiler was admitted into a 
dosed vessel ant! condensed by pouring wafer on it* outride. The resultant 
vacuum caused water to rise op a suction pipe through a rton-rerum valve 
into the bottom of the vessel Steam ivis then -id mured again and the 
pressure drove dir water in rhe vessel through a second notE-rctiim valve 
and up rhe delivery prpe. T he major difficulties encountered with the 
Savery engine, the totalled 'Miners* Friend” which probably never actually 
□periled m service at ^ nunc, was that boilers capable of withstanding pre^ 
sum of several atmospheres could run he easily nude 11 tint time and that 
the length o( the sucrion pipe was limited to about 25ft, making the engine 
unsuitable for deep drainage work. Certainly Savirry *s engine never entered 
widespread me ami there arr no Surviving remains, Savery’s work was not 
completely a dead end, however, as in the tafiwiLdrtecnth century tlie 
portable Pu home ter steam pump was developed on very similar principles* 
rlh: main working pari was an oscillating valve admitting steam alternately 
to two water clumbers The '.team piessure acted directly on the surface of 
die water m the chamber and ejected if through j risible hose, Fulsometer 
pumps can still be seen occasionally h their main use being for draining ex- 
cava lions and Hooded jmfrtffj, and ship salvage. Lightweight intcmal- 
COtnbmrion engine pumps are supplanting them. 

1 □ return tu die early development oi die sicam engine, it was in Pfpm s 
piston and c\ Under experiment that ibr germ of the commercially success¬ 
ful nuL-hine by, Papin did 1101 pursue his experiments but Thonw New¬ 
comen (1663-17^9), an ironmonger of Dftrttttouth working on similar 
principles but almost certainly without knowledge of the Dutch scientist's 
work, was actively plulling towards a practical application. Newcomen was 
well aware of the critical drainage problems in die Cornish sin mines* and 
after pursuing experiments for some 15 years in an attempt to rind a volution, 
he erected hss first engine in 1712 {hg 5). Curiously this was not in Cornwall 
but at a colliery near Dudley Castle, WofL'csitTshire. It had a cylinder ol 
f'/hi diameter, a stroke of 6ft and developed some si hp, 

Fhc principle of operation was both riiuplc and extremely reliable and, 
at least as important, no advanced technology was involved in the engine's 
inadLifaciurc or erection. An npeu-topped verricaS cylinder contained a 
piston connected through a piston rod attd chain to tile ardi head of a 
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rocking beam. The ‘piston ring' consisted of a disc of leather cupped up¬ 
wards and kept pressed against the bore of the cy linder by a layer of water 
on top. From the cud of the beam distant from the steam eyfeder die pump 
rods were impended. Below the cylinder was mounted a boiler which was 
little more than a tank of water with a fire beneath it and rather like a 
brewer's copper in appearance. When steam at slightly above atmospheric 
pressure was admitted into the cylinder, the piston was drawn upwards by 









































4TJAM AMI INT&DMAC COAl A Ul TlfJ N em;jneS 8j 

tlu? weight of the pump rods on [heather end of the beam. At the same time 
any ait in die cylinder wn ejected through non-return valves. Closure of die 
steam inlet valve was followed by condensation of the steam in the cylinder 
bv a jet of cold water which created a partial vacuum and allowed the un¬ 
balanced atmospheric pressure on the rop of the piston to push it down, 
raise the pump rods and thus make a working stroke. The cycle wm ihcii 
repeated, the steam valve and injection cock being opened and closed by a 
plug rod iho hung from die beam, 

Newcomen's initial design was thoroughly practical and was hide altered 
for more than half a century. At first royally payments had to he made ro 
Savery, whose original patent covered all methods of raising water by fire, 
but after jyij, w hen Savery died, a group of speculators, including New¬ 
comen himself until his death in 17.29, acquired the rights and administered 
them until they expired in 1733 By the time of Newcomen’s death his 
engine was in use throughout Britain and in Hungary, France, Belgium and 
possibly Germany and Spain. It is doubtful if Newcomen gained much, if 
any. financial benefit from his invention, which with the possible exception 
of Abraham Darby's perfection of coke smelting of iron ore, perhaps const i- 
rated the most important single tccJiuological factor in bunging man into 
the modem world. 

Om.- of the most important surviving memorials to Thomas Newcomen 
« the Hawkesbury engine, rc-crcctcd in the Royal Avenue Gardens, Dan- 
mouth {188/SX S?Oj j j), and opened to the public in July 1964, to com¬ 
memorate die 300 th anniversary of its inventors birth. The engine probably 
dates from the mid-1720s and is the oldest steam engine m existence It was 
originally installed at GnffColliery. Warwickshire, bur moved to Mcasliam, 
and in 1821 was installed on the batik of die Coventry Canal .it Hawkesbury 
I unction {tja/SP 3638417), where it was used to raise water from a sump into 
the canal itself. The engine wis occasionally worked until 1913 and in 
1963 was presented to the Newcomen Society by its owners, the then 
British Transport Commission. Incidentally the canal-side site at KawT.es- 
bury is in itself still well worth a visit as 1 relatively unspoilt junction with 
Cast-iron bridges and boatmen's pub. 

A number of modificationi may be seen on the Hawkesbury engrtie. the 
most significant of which u the *piekle-pot‘ condenser below the cylinder, 
an improvement in design to inaease thermal cibcicticy and at the same 
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tunc avoid an infringement of Warfs separate condenser patent* discussed 
below. Another surviving engine of Newcomen type stands at FJsecar 
(lOl/SE in the West Hiding of Yorkshire* where it was used for 

colliery drairugc front 1787 until 1923. Again numerous modi teutons have 
been made fiom the angina I* including replace mem of the wooden beam 
by a east-iron one. Condorsmion of the tfejtti, however, was effected within 
die working cylinder by [lie me of a jet of cold water m almost exactly the 
wme manner which Newcomen had applied in hi* first i?tz engine. The 
El^ccar engine (Plates 7-10) is now preserved on is original site by the 
Naiional Coal Board md may be visited by arrangement with the South 
Yorkshire Area office at Watli-upon-Dcarne, Rotherham, 

Before leaving the Newcomen type of atmospheric engine it \s worth while 
considering some of its constructional Jrt.jah and the improvements wiiich 
were made in its efficiency. The atmospheric engine vm a thoroughly 
p radical machine &nd the techniques necessary for its til inn Sac sure were all 
well known to the millwrights and similar men who were responsible for 
us erection. Only the cylinders caused any scrioui problem. Initially these 
were cast in bras* and. is no meant of accurately machining the bore existed, 
they were rubbed smooth on the inside with abrasives. Small wonder. 


7 Afmusphcnc; beam pumping engine. Elwcar. near Ktwherlum ( Yorkshire. prei^rwd 
by the Nanoiul Q>a| Board 





therefore, til at the cylinder was the most expensive single component of the 
engine, exceeding even the engine-house in cost. A i/jj estimate for a 
Newcomen-type engine near Newcastle-upon-Tyne totalled £843, of 
which £150 was accounted for by the cylinder alone. By the 1740s cast- 
iron cylinder 1 were becoming common and, although less ctfincnc thermally 
because of their greater wall thickness, they were significantly cheaper in 
first cn st. 

Jolin Siiicaion (1724-91) wa* mpcuuibte fir bringing about die greatest 
improvements in erfseLtrncy of the Newcomen engine, and a machine which 
he creeled At Long Benton Colliery, Northumberland, in 1772 Achieved 4 
dilly of O 1 45 million foor-potmdi of useful work per bushel (84 lb) of cod. 
Tile average Newcomen engine only Achieved h million foot-poumlb. 
Despite his improvements* winch were largely the result of careful design 
and manufacture, particularly oi the cylinder; Snicatnn\ engine had a 


& iibeear beam engine. Detail of beam and parallel motkaj 
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Uicor beans engine. Detail 
fit cut-wan beam 


thermal efficiency of less damn t per cent 
fi was jam* Watt (I 73 IMST 9 ) wJu» wived the problem of the funda- 
niLiit.iJ inefficiency of Newcomen’* steam engine. Witt, .1 fim-das crjfrs- 
tnan, wji employed as an instrument maker in Glasgow University wJwte 
in the winter of 1763-4 he was responsible for the repair of a mode! New- 
coino. engine wlndt was &«Ity in operation. His mvcs.tgat.om led to the 
realisation that enormous thermal losses resulted from having to raise and 
lower the temperature of the cylinder at each stroke, is fleam was admitted 
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i^* btim engine, Open lop ot Mearn cylinder ihowing puton 


ami subsequently condensed, As hr wrote beer: + I perceived thit, ia order 
to make die best use of steam* k was necessiry—first, that the cylinder 
should be maintained always as hot as ihc steam which entered it; and, 
secondly, that when the steam was condensed, rile svatcr of which it was 
composed, and the injection itself should be cooled down to jog' £F), or 
lower, where that was possible.' Ri% solution Was 10 connect a closed vessel, 
exhausted ol 4 it, to the HOLtEt cylinder hy a pipe. Steam rushed into this 
vessel, wliieh was kept cool by cold wafer injection fc and continued to do so 
nnuf ail had condensed* Thai was the bails ol Watts separate condenser 
(Fig 6 ). perliaps the grcain-t single improvement ever made in the efficiency 
of the steam engine. In order to keep the condenser free of mi and the 
water requiring from injection and condensation* he used a pump connected 
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NEWCOMEN & WATT ENGINES *«. 

Showing method of condensing steam 

NEWCOMEN WATT 

condenses in cylinder has separate condenser 



to the beam, white the working cylinder was kept permanently hoi hv 
menu oti steam jacket- To improve efficiency stij] further, steam instead of 
Atmospheric air wat used to press die piston down, the piston rod passing 
through a siram-tight gland or stuffing box in the cover of the cylinder. 

Watt patented; his separate condenser m 1760 and in 177J entered into 
partnership with the Birmingham entrepreneur atul industrialist Matthew 
Boulton (1738-1809). whose w ork* he had once visited when on 1 journey 
to London. There were only 8 years to run on the condenser patent but 
Watt successfully peririoned Parliament lor an extension to 1800 and in 
1776 completed Ins first two full-size engines, one for colliery drainage at 
Tipton. Staffordshire, and the other for blast furnace blowing at John 
Wilkinson's ironworks near Browlcy in Shropshire. At his Broseky works 
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2 years earlier Wilkinson (1728-1H08) hid developed and patented a boring 
mil l, initial!y lor guns and then lor steam engine cylinders. The signihcjiicc 
of ihc boring mill in the success of the Witt engine cannot be ovc^nmatd 
as, for the first time. 1 large diameter bore could be cut so accurately that 
*a 7? nidi cylinder would noi be further from absolute tnuh rhan ihc duek- 
ness ot a thin sixpence in the worst parti A model ot a watt r-po were J 
multiple-spindle cylinder boring mil! can be seen in the Science Museum* 
South Kensington, There too are some of ihc most important relics of Watt's 
early career, including die cylinder and condenser which he probably used 
in lm original experiments and the contents of his garret workshop from 
HtashfklJ, Birmingham, The workshop, containing some 6,000 separate 
items, was left undisturbed from tSi9, when Watt died, until its removal 
m T924 id the museum, where ii has been set up in a replica room* The 
model Newcomen engine on which Watt carried out Ins earliest work on 
steam power is preserved in die Hunterian Museum ax Glasgow University, 

The first Boulton A Watt engines were an immediate success, consuming 
less tlian one-third ol the coa! used by the Newcomen types commonly in 
use. and as a result bringing enquiries from ill over the country. The demand 
was greatest in Cornwall, where coal was expensive, to diat within a few 
yeao all the atmospheric engines, there lud been replaced, T~hc- basis for 
installation of a Boulton & r Watt engine was to charge a royalty equal to one- 
third of the saving in the tost of fuel as compared with dm of a common' or 
atmospheric engine Two engines at Poldicc Mine, Cornwall, were tested and 
used is the standard. To register the number vi mokes of the engine, from 
which die premium payments were calculated, a pendulum-operated counter 
in a locked box was attached to the beam. 

Further improvement* were devised by Wail, with tile active encourage¬ 
ment of Matthew Boulton, who fully appreciated the potential market for 
efficient and reliable steam engines- to 17K2. three important advances in 
design were patented by Walt. The firs! was to make the engine double- 
acting, that is to apply steam alternately on each face of the piston instead of 
only to die top as had been the previous practice. Thus twicc the power 
could be developed from the same cylinder volume. The second used rhe 
steam expansively and, when perfected, resulted in considerable savings of 
fuel. The principle was that by closing the inlet valve to the cy linder w hen 
the piston had completed only a part of ns stroke the steam already tn the 
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cylinder would still do useful work by expanding and pushing ihc piston 
through the remainder erf the Htrokc* but with diminishing force. Although 
less work would be done, still less scram w r ould be used, hence the fuel 
saving At first the economics resulting were very small, but av itcani 
pressure* iticrciied. the practice of expansive working became aH-diupomui,, 
lonmug the basis tor the highly efficient compound engines of the late 
nineteenth century, 

Watts third 178- patent wit a second best* an a [temp! id circumvent 
another idea patented ^ year* earlier and possibly stolen from him by one 
oi his own workmen. The idea of developing the steam engine to provide 
rotary power and thus drive machinery was exercising ihc munis of several 
engineers in [he 1770s and early 1780s. The far-seeing Boulton was well 
aware oi ihc huge new market dur ihc ■rotative’ steam engine could tap 
and pressed Watt hard to produce 3 satistaccon design. It is characteristic 
of the two that lion I ton, die endufoastic businessman. should write in 1781 
die people in London. Manchester, and Birmingham ire Stmm rtiiit 
. . . and thil the dour Watt should grumble in the following year 
. . . surely the devils of rotations is afoot The problem W44 to adapt the 
simple red procaring movements of die beam engine to produce rotary 
power. Nowaday! one would imagine nothing could be simpler than the 
use oi the Common crank to connect the end of the beam to a rotating sluft T 
and even m Watt 3 tune the crank was a well know n mcdumim in everyOny 
useon the foot lathe and spinning wheel. What walnut appreciated, however, 
was the tliet tlut the variable stroke of ihc beam engine, whack Wait at first 
feared would wreck any attempt 10 adapt it to rotary motion, would be 
controlled and regulated by using a connecting rod, crank and flywheel. 
Unfammitety tor W. 1It another engi neer, J a Lues P ickard of Birmingham, 
patented the crank fittt in 17S0 after using it to replace an unsatiskctoi^ tack 
ami-pinion drive to a rotanng shaft. Watt held numcron* patents himself 
and suffered diroiighonr his life from other* infringing them. Instead of 
contesting Pickard s patent, he thought ti politic to devise a substitute. The 
result was the urn-and-planet or cpicydic gear in w hich the pUct’ w hed t 
fixctl rigidly to the end of the connecting rod, it made to move round the 
perimeter of a sun" wheel keyed to the driven shift. A property of this gcai 
is that the flywheel will revolve twice for every double stroke of the piston 
something of an advantage with the early and slow-moving engines The 
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gcji was used until itfra although Boulton 4 Wait built engine* with 
crank? before and alter die expiry of Pickard^ patent in 1794, 

T wo further Watt mventbswarc worthy of note, particularly at they cover 
features tamUfcir on almost all die beam engine surviving today. In 178+ 
Wall solved the problem of a satisfactory connection to transmit rhe simple 
up-and-down movement ot the piston rod to the end of the beam, which 
described a segment ot m m\ Hie parallel motion 11 devised by Wan 
combined die three-bar modem and the pantograph in j most elegant way 
and Watt himself staled that he was more proud of tins invention than any 
of his others. 

To ensure Steady motion of the engine under variable load conditio us. 
Watt introduced* bi 1787. the conical pendulum centrifugal governor, con¬ 
sisting of two balh which Hew outwards as speed increased to move a sleeve 
which by Ijnhagc controlled a butderfy Valve in the steam pipe. Wait 
neither chimed this invention as hit own nor attempted to patent it, as u 
had already been used in Hour mills 10 regulate the speed and distance apart 
of mills tones. 

With the jdvent of rotary power generated by steam, industry was on 
the verge of a major tcdmoiogteil break through. By iSoo, when Watt's 
partners]tip with Boulton ended uid the patent on the separate condenser 
expired! i\/6 engines had been biuJr, of which 310$ were rotative. A few of 
these were rated at 40 lip but most bad in output of between and 20 hp„ 
well Within the capacities of the major prime mover in 11 \c at that nmc, the 
waterwheel. The main ad vintages of Hie steam engine, however* were it* 
freedom from siting problems and unreliability of water flow, which re¬ 
stricted the widespread application of water power. Indeed Matthew 
Boulton's first interest in the ^[earn engine was .irouveJ by the lack of water 
for driving waterw heels m summer, die "thirsty season'. 

The distribution of Boulton 6c Watt engines, drawn up from the very 
Full records of the iirm's trading now housed in the Birmingham Reference 
Library, provides an indication of die impact of steam power on industry 
in the last quarter of the eighteenth century; h shows a wide dispcrsiuli both 
geographically and m terms of the variety of industries m which the engines 
were used. The poor representation of Watt engines it collieries is to kuijc 
extern misleading, however, as the cod industry had actively taken up the 
Newcomen engine for pumping purposes and, as fuel coves were not an 
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important factor there was little incentive to change. Thus in the 
NoriJiLiiijIxTland-Diirhjjii coalfield, which had fifty-seven Newcomen 
type engines m 17^ only six Boulton A Wm engine were m use by ifioo. 

Those industries able to take greatest advantage of tile rotative engine did 
io enthusiastically. Cotton milk, wool ten and worsted mills, flax nulls, 
textile finishing works, forges and foundries, rneiJ workshop** pot banks 
and glassworks, corn milk breweries and dhtillcricx, caiuh ami water works 
were all using steam 10 some extent by I SCO, Over one-third, 114 engines, 
were in use in ihc textile industry and cotton a Jane accounted for ninety- 
two of these. Next were ironworks, with a total of thiity^sevcn engines, 
followed by collieries with thirty-three mainly for pumping, while com 
mills, breweries and distilleries together employed ttii tty-ninc engines. As 
Watt had a virtual monopoly of steam power until iBoo. these figures 
represent fairly accurately the relative degree of penetration of steam power 
into indusuml activity in Britain. The geographical distribution* shown in 
Fig 7. is just as interesting, illustrating the early establish ment and relative 
importance of tile industrial areas we know today. Only Shropshire and 
Cora wall, where die iron and tin industries respectively have declined, are 
over-represented in terms of today'* pattern of industrial distribution- A 
total of fifty-five engines ivere m use in Lancashire, largely eu die tot ton 
industry. The next higher total, offuttyMone, was in Middlesex, dcmnnstral- 
ibg the enprmotti. anti often overlooked, significance of London as an 
industrial centre. 

The beam engine enjoyed greatest popularity for driving machinery 
between 1&0 o and i860. but in both us rotative and non-rotauve forms it 
was in vogue lor water and sewage pumping until the early 1900s. Few non- 
pumping engtnes arc still in active use, although a number arc preserved. 
An early example of a Watt engine, dating from 17M and completc with 
luti-and-planrt wooden Warn and centrifugal governor, may I>e seen 
in the Science Museum, South Kensington. A pan of beam engines still tn 
regular use drive mashing and milting machinery in the Ram Brewery. 
Wandsworth (170/TQ 25 * 747 } Built by Wentworth Sons in t&JJ and 
iStf? these compound engine* exhibit all the classic features, mdudmg slide 
valves, lattice eccentric to ds (introduced by Murdock tn 1799), citron 
beams, timber-tagged cylinders and the immaculate cleatiiincss typical 
of ueani engine maintenance. 
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DISTRIBUTION OF BOULTON & WATT 
STEAM ENGINES, 1775-1800 
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The mechanical fascination md tremendous vuual tmpac e of ihe large 
beam engine lias led to numerous examples being preserved i» JJin, although 
all too few are in At Sircdiam in Cambridgeshire (tjj/TL j 17730) 

one survives for fen drainage, [miaUcd ip 1031 by the Buitcrlcy Company of 
Derbyshire* it ha? a angle cylinder of 10m diameter and 8ft stroke and 
developed 105 lip At s3 to 16 rpm, A tcoopwEicd (Plate 1 1) acting* in effect. 




TYPES OF STEAM ENGINE 1 showing workjnq pasts only 


Newcomen atmospheric beam engine 



Fig $ A Developed for mint 
pyjnpuig, the New^omra 
engine usti che proiiin? of 
the Atmosphere C*r iti power 
itn>kr r A p.irtLa! vacuum wh 
eiraied in the rytijidrr he- 
Pinth the piiron by cTDodcn- 
ttn^ tht ttefttia wtrh * cold 
wrorjtt. 


Watt single-acting beam engine 



B (pi. Wjtt'i engine the rrii- 
ciciur)' wii improved by 
oondeming ihe steam in a 
wjfTarjte Yciid — the lepaiatc 
cosidetiier — ihui avoiding 
like alternate bating and 
of the cylinder. The 
engine wji itiU ouly for 
pum ping 


Wart double-acting rotative beam engine 



C In die rofAtiv.tr engine — 
the first Kcmi engine to drive 
iiiArltiucfy — a niombrr of 
new fcjium were rntn*- 
duced. The pn(,m hid if cam 
pt c nurc applied to both top 
md btvttciin, nuking the 
engine double^«nmg_ A 
linkage — the panlld 
tnotftm — connected piston 
rod to brain, The other end 
v (chr bcsui drove a flywheel 
rbrtmgli 4 contiraing r^d 
md iim-Qnd-planeT gear 
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Single-cylinder rotative beam engine 



D Alter about iftoo the 
Common crank was almost 
umVtrylly ttsed (br (lie drive 
trOEIl the hf jm -iii■ 1 4 .JJ 1 EJC 4 '“ 

tui^ iod_ Ban I cugmiH nf 
this type wetr built in 
number ■ for driving alt Type* 
of facEory madimcry doi*n 
lothc ift&ga 


Woolf compound beam engine 



Cornish beam engine 



E Efficiency wai still further 
improved by compound erx- 
panUL-in using a high* and 
low-pressurt cylinder hoik 
jt the umc end of the beam. 
Woolf compound «tgtnc* 
were widely used m water 
pumping *iiham and to * 
lewH.^ extent in inuil fj erotic* 

K The Comuh aigirir was j 
highly cifiacsii viagj^cttng 
dcvelopmcm %>f the n nn- 
rotative beam pumping 
fngoit, and used cx- 

rviLsividv in tui mutes. !>c- 
vclojjcd by Rtdurd Trevi¬ 
thick it used high-ptcsgurc 
sECam. expansive working 
arid conJcaiijEum to obtain 


i iiaxifnitiii ecoon^v 













TYPES OF STEAM ENGINE 2 SHOWING WORKING PiVRTS ONLY 


McNaught compound beam engine 



Grasshopper engine 



Maudslay table engine 



Fig p A Patented m T&4*, 
the McNaught principle con- 
mted mkully of the addition 
of a high-pressure cylinder 
to the flywheel end of an 
exiting bealri ertgtn^ this 

deriving mmpoimd cvpjii- 
iluit and reducing iitcu. 
Liter may targe beam 
engine* were built in thu 
fttftn 

S Tire grasshopper aiguie 
was. usually %uu.II and cum* 
pact* biiri Mil a tingle bed¬ 
plate. allowing «iy iM^ 
kdon, Tilt beam W4i pivoted 
at one end instead of at the 
centre. and the drive to the 
wnnening rod was taken otf 
at m intermediate point 
near the piston, rod end 

C Maudday's table engine 
alio had the advantage of 
cdtnpoetDK 4 nd ease of 
uucalhiiuii The bam was 
dijpemed with altogether and 
* direct mmictuoii made 
between the vertical put on 
rod and ihe uMnLiluft 
lununted ai a low level 
below die cylinder, li wii 
widely Uied as a small Ihciory 
power nail 


96 











Single-cylinder vertical engine 



P In [lie Hngir-ryluidcr 
vertical mgunf ih c drive 
^js aimiLir hm chc mnt- 
ihflfi wh momxrcd vertically 
jbnve die cylinder* Hie type 
was used ia fktone* itui 
tmils ind for colliery winding 
ptiiTECutafty hi tilt North 
Lut 


Single-cylinder inverted vertical 



engine 

E The inverted vertical 
liuglc-cyibidrf engine, intro¬ 
duced in tin? 1840i, was 
rarely large. The type wis 

fortfculwly Common fot 

small fieuiriet .md, with 
Krone gear* fnr marine 
appluuJarm Later vwsiotM 
kad enclosed crankcases and 
forced lubrication 


Single-cylinder horizontal engine 



F Perhaps ike most common 
mu pie type of iteam engine, 
die- single-cylinder liorizosiral 
vv-n built in large matobm in 
the ift :md bdf of the tosses 
trend) century. Mfflt had 
slide valves, wot non* 
t\'H liens in.. - mid did compact 
easr-mm bed made them 
easy to mi till 
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TYPES OF STEAM ENGINE 3 shcwii^ wobkiug parts owly 


Hor izontal ta ndem - com pou n d 



engine |Zi ^ A A logical develop¬ 
ment from the iingle- 
cylinder horkmu*] wai the 
tiadcrn-coiiip^iujii in wlikh 
high- ind low-pmsurr 
cylinderi wime mounted one 
behind the other mi the 
hum: puton rod. High!) 1 
sophisticated, tandem Kmv 
poim-di of medium piiwa 
output wetr built for textile 
mills 



Horizontal cross-compound engine 



Horizontal triple-expansion engine 


Horizontal I win tandem-compound 



El Another iik’jjjl!. of com¬ 
pounding die horizontal en- 
gtne wh to Urn high- and 
km-pttunre iryliiiden ride 
by ride driving each aid of 
the rnnkiluh. Many mill 
engine* were of rhii r?pe t 
the drive being uken off the 
hywliecl rim between the 
twcM^inks 

C A development of the 
Compound principle: involved 
three fugn of cxpmrioiL 
Sec.ijsi piml from ± Itigh- 
pressure to in intermedLiLe- 
pressure tylindcT on the 
otiier ptnnn rod md f hence 
Ed a pair .-.if" equal diameter 
I'.jw-prewm- cylinder** one 
>m each side ofthe engine 

engine 

fJ The iwhv4jndcm coin* 
pound pmtbied iimp!y of 
two tatwfcm cumpcnteidi 
driving A single ennkstafl- 
Uke the other compound 
jnd irsiduptc cxpanj&m 
rn^njci, rh» type keamc 
Iiiyhly developed for 
ppwering icjadi; mills 




Vertical compound engine 



Vertical triple-expansion engine 



Twin-cylinder oscillating engine 




i In US amplest form the 

VCTtlC^I CCim|‘h3UEIiJ WJL. ujfd 

liumly in rtiip*, but ± miall 
high¬ 
speed type, developed from 
the cod uf the nineteenth 
century* breame popular fa t 
getter aring electricity 

f Vcmcil irjpSe-e^pamion 

engines were almost ittu- 
veraJly used m large shipi 
before the imroductmn q/ 
itcain turbine*, On tand they 
became die general] y accepted 
tuKotor* to beam engines 
for water and sewage puna- 
P in £ 

G The lyfcri: Hating; engine h in 
w hich rocking cylinders 
were im united. on it urn Lions 
formed from the itctm inkt 
mJ rjihjuvc pipes, had no 
cuiitircring todr* the pmcij 
rod berna attached dirctrly 
to the crank. Thnt compact 
iivu iiutlf them pammlariy 
suited tor use nr pddlc 
sccamcn 

H ThetidedevcrettgKie witli 
its low eemte of gravity w-u 
deigned for marine applr- 
eatkm and waj Hied ex- 
tenrivcly in paddle treatnen 
bcfnre ifljo, It war basically 
a b«m engine with the Warn 
pivotedaulow level* 




























u Pippltwtck pumpmg 
station, N o its. Detail of beam 

t nnini nn with cn^tic ilfokc 

counter 



like a Waterwhed in revere lifted some jo rolls of water at each revolution. 
The original wheel was ip diameter but this was increased to 33 ft m 
■ * 43 , The cttgihc last operated in 1941 and is now under the care of die 
Stretltam Engine Prenervation Trust. 

The robust re [ability of the beam engine made it popular with water 
supply companies and for sewage pumping, and in these roles it reached a 
high degree of development by the latter years of the nineteenth century. 
Two late enginn of dm type are preserved at BupplewirL Nottinghamshire 
(ita/SK 583522). Built by James Wau ft Co m 1684+ these rotative engines 
(Plate iz) t with their 46m diameter cylinders and 7ft tfin stroke, each 
raised 1,500,000 gallon 1 of wiict per day From the Burner Sandstone to 
supply the city of Nottingham. The [non pillars supporting the engine are 
covered m intricate decoration, w hich recurs throughout the interior ol the 
engine 1 souse in tilework and stained glass windows. The whole effect is 
heightened by the landscaped setting and onumetiul pool beloved ol water¬ 
works companies ar dm period. Also preserved in the East Midlands are 
four sewage pumping engines, at Abbey Lane. Leicester (i£i SK 

n Sirctham pumping station* Cutsbridgeshirc. DtuJ of scoop wheel 


toi 




bulk in 1891 b\ Messrs Ginison. 4 local firm, They form the centrepiece tor 
a ntuicuni cl technology of the East Midbndt, currently under active 
development Jn County Durham, Kyliope pumping station near SundrrloiiJ 
(78/NZ 403313], with Its two iStiH rotative compound e ngtu« by Hawthorns 
of Newcastle, is under the cite of the Ryhopc Pumping Engines Preservation 
Fund, while in Hampshire, Portsmouth City Museum* arc restoring two 
sewage pumping engines of rSSy at Eucncy (t«i/SZ 675989). 

A specialised, and in many eases very large, ty pe of beam engine was the 
Cornish pump {E ; ig 8) develop'd by Richard Trevithick (1771-1835) f Uim 
an engine erected in 18 ra ji Wheal Prosper tin mine at Gwithian i u Cornwall. 
The Cornish engine operated at a much higher pressure than contemporary 
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Wait digitus usually aboui *o Jb per nj in, jnd used otpwisivg working t& 
gain high efficiency.. It was a sing Jeweling, usually non-raum-c beam engine 
in which sram applied above the piitern lifted^ through the beam, pump rods 
id the mine shaft. The sequence of operation was then ai fallows: 

Wstli the piston at the bottom of eh c cylinder die equilibrium valve was 
opened, allowing steam to be transferred from the upper to the lower side 
of the pi'iEois as the unbalanced weight of the pump rods eluted the piston 
to ascend. 

When the piston was ar the top of the stroke the equilibrium valve was 
closed jnd steam adnurced above the piston. 

At the tame time the eduction valve m tlie bottom of die cylinder 
opened to dk’ condenser. 

Thus the power stroke was eff e c te d using Menu pressure an top of the 
putoii and j partial vacuum bdow caused by icondeu^tiou o f steam in the 
condemn 

t "ornish engines were extensively used for draining mines and also found 
w idespread favour for water supply pumping and other drainage applications, 
M Severn railway tunnel. Hie increase in thermal efficiency over Wats 
engines was enormous with 11$ million i doc, pounds per bushel claimed in 
TS M from an engine with an So in diameter cylinder ±t compared with die 
20 million* normally jtuitted by the low prewure engines. 

A* their name suggests they were most numerous m Coni wall, where five 
engines were preserved by tin: Com id l Engines Preservation Society and 
arc now b die care of the National Trust. Tlicu* include one of die largest, 
hiuli in iftgZ' with a ‘join diameter cylinder, at Taylor's shaft, East Pool 
(j &9/SW 6744.16), and an early rotative winding engine of 1S40 at levant 
Mine (1S9/SW J75!4 jG) + 6 miles from Land's linJ. lti Scotland (he Cornish 
engine at Prcstnngiangc Colliery, East Lothian (fa/NT 37473 v), Unit* by 
Harvey & Co of 1 -byte, Cornwall, in 1*74, Is being restored to form the 
centre of a historical site devoted to the Scottish coal industry. Last worked 
In J'7<4. this pumping engine lias a steam cylinder 70 in in diameter w'ith a 
stroke of 1 ift. 

Ciofton on the Kenner & Avon Canal tn Wiltshire (167/SU 262623) 
has the oldest engine in the world still to operate on steam, The pumping 
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STEAM ENGINE VALVES 
Slide valve 



Piston valve 



Corliss valve 


Drop valve 


Uniflow engine 


104 























rig 11 Steam Hiigilw VaUci 


Shift' I'd/iV 

The ilide valve, invented tn 17 W by Wtitam Murdock f cor^mcd of a 

mtu] box i luting cm a flat fi£c tn which were cut the steam inlet and exhaust port*, 
^team was usually admitted tT I hr ends and exhausted (Jitl ilei^Is a central port under 
the hallow box valve* u ihown in the example illustrated. Si earn pressure thus 
helped retain the valve m eemia with the face, 

Kffflit swliv 

Lite the slide viUe H the piston valve was a tingle unit controUinj? steam inlet and 
ahfldSL It consisted of j pair of pistons on i single spin Jit moving 114 a cybrtdriuril 
bote diit lud mlet and exhaim porn m it* ridet A* the valve xpuiJIe moved, bock- 
ward* and fbruanb in the *tcam rhetf. ibr ^pprnpmre ports were uncovered to 
admn and exluusi mam. Hath slide md pbtdii valves had the disadvantage ofstcjuc 
bang admitted and exhausted through the iatnc channels, with rottK^uem J oh of 
riftciojey resulting from, aJicmate hearing and cooling. 

CWjjj pahy 

The Corlm valve had none of these disadvantages* as a separate inlet and exhaust 
i-alve was provided at each end of the cylinder. Developed by the Antedtran George 
H- Corliss ( j. J jpad patented an iS.*^ ihu type of valve became widely used on 
ijrgc mill engines. Laidi valve consisted * l j barrel that partially routed ui .l bored 
clumlicf to uncover ilic steam port. The inlet valve* Were opened by the valve nodi 
againn a dbuhpoc. At the eiu-off point the valve was released by trip gear to be closed 
rapidly by the Achpot. 

Drap nalW 

Drop valves, had turned circular facet fitting into valve seats in die steam chest*. 
Valve and seat were ground together to emtue ihiit they were nciijitight. There 
were four valves per cylinder die inlet valves being raised to aditut tLCatu and dropped 
by a inp to provide instantaneous admission cm off Both Corliss and deop 
valves gave very economical steam eouuimptiati ajid steady governing , extent is] 
in driving textile machinery. 

Utdjku* tngirtt 

In eJkc LUJidiiw engine i.mly admitnot! valve* were provided, a* cihamimg ihr tteim 
wn achieved by the piston at the end of its stroke uncovering 4 tui^ of pom in the 
wjJJ of the-cylinder. Although dure were tiianiffacturtnE; difficulties with the uuiflow 
type, it was highly effipan because there was no alternate hearing and tooling of the 
cylinder ends by steam being admitted and exhausted. through them* 





cut open to show wt ericas 


TYPES OF BOILER 



Haystack 




CAfitfig 



Sltwtl 

WJIliK 

it™ q 1 hot cammxrn o*m* bailer 

Pcch*i crt +mf LqrntMa(^ m but* (fcjtfr* *fcrfiQ 

OulOf ftuftico pi &X*I@*. giving mcto baling 


- ■ t/noha tc ohiftuwy 
t frfohtSe doariGl 



Wagon 



Cornish 

1 Julnace laf.v 



Lancashire 

2 (wmes tub** 



Rre-tube 


iire^ueefc an-cfcotvi* 


IlflTttatt 





































AND INTERNAL COMBUSTION ENGINES 


i a? 



E4 Hay Hack boiler. Blim Hill Open Air Museum, Ima bridge, Shmpdurr 


nmtm was begun in ifroj and designed m stippfy die |5 mile section of the 
Cirtid between BeJwyn and Seend with water hired some 40 ri out of Wilton 
Water, The first engine began pumping m November 1&D9. It was built by 
Boulton Zk Witt in iSoi tor the West India Dock, London, but was diverted 
to the canal company in iJm. On the initiative of John Rennie, the engineer 
*ot die canal, a ruote powerful engine was ordered from Bcmltcm & Watt 
and began work in 1813. Originally both engines were of the single-acting 
atmospheric type operating at about 5 lb per hj in stems pressure and using 
W.itt paten red separate condensers, but in I&44- !n *0 effort to increase 
efficiency * they were convened to the Cornish cycle ot operation by Messrs 
Harvey OE Ha vie. Comwilt , with new boilers providing steam at 20 lb per 




Fig 1 3 Utif^liirc Wet for j,ooo ihp triplp-cxpcmnon cnguio 
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* IL * 11 Comfenfid Engine was installed to replan: the 

I«cit timcEunc, but tins gave considerable trouble and wai rebuilt in iooj 
“ ; t S]1 ”P ,L ' coiitlensiug engine, with a new 42 in cylinder. The ifiu Hod ton 
Si Witt engine lias been restored to working order and is doing tfie work 
tor whir It it wn originally installed, fi can be wen every Sunday and is 
in steam on selected weekends throughout the year. Rotorafictji of the 
second engine is id progress, 

Tlsr higher steam praum m which the Cornish engine operated 
demanded stronger boilers (Fig 12) than the haystack' (Plate 14) or 'wagon" 
types which were used with Newcomen and Watt engines. The earliest 
[lay5.tack boiler, ^vltc tnsulc o( copper with a lead top, but lifter about 1725 
hammered wrougfiMmn plates, ■were used. The wagon bodcf used by Wan 
lud a similar crosMcctidfi to the haystack bur was elongated ro give more 
heating surface. Its rectangular dupe Wti easier to make Neither was 
vu.ita.bJi' tot pressures in excess of to- Ih per sq in, to about 1812 Trevithick 
developed ,1 cylindrical boiler with a grate set at one end of an internal 
tube running through its length. At die rear the hoi gases divided md parsed 
forward in brick Hites along cadi side before re turn mg beneath the bottom 
to the chimney. These Cornish boilers, as they came to be called, gcucrjred 
steam at some jo lb per sq m .ind were widely adopted is high-pressure 
steam engines spread. They remained popular until the introduction of die 
Lancashire boiler (Fig 13} after 1*44. In clut year William (later S;r Wilitam) 
fairbam* (1789-1874) and John i Icihcrirtgtoii of Manchester patented a 
cylindrical boiler with two flues, devised, as F&irtnmi stated, "with a view to 
alternate bring in the two hstrum in older to prevent die formation of 
smoke but also, ot course, providing a substantially increased [seating surface. 
Lancashire boil cm are still in common use and examples may be sceu in 
■association with most of die preserved engines already menuem-d The 
Cornish boiler has .11 most completely disappeared, but Trevithick's 1$12 
original i* preserved at the Science Museum. South Kensington. Many 
boiler shells ot both Comub and Lancashire types nuy be seen converted 
for use as od storage tanks, 

I he opening yean of the nineteenth century saw several alternatives to die 
beam engine: introduced to achieve greater thermal and mechanical efficiency, 
higher speeds and simplicity of erection, This last factor wa* of <omc im¬ 
portance as she cumbersome beam engine required skilled engineers to 




no 
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aweniblc ic on site, was not easily adaptable to the often rapid rat t of develop 
ment of lactones, could not easily by resited and look up a lot of space. 
Thus relatively portable sdAcanlamcd direct-acting engine?., dispensing with 
the heavy rocking beam between connecting rod and crankshaft, began to 
appear ip increasing numbers. An early form Was the table engine (Fu* 9) 
introduced in ttQj by Henry Mauds] ay f 17-71—i Sj. 1) ami this wa$ followed 
after about bv numerous designs of die soon to be popular horizontal 
engine having a ditgfc cylinder, slide bars aJid crankshaft bearings un a 
east-iron bedplate of box-girder section. In the table engine the vertical 
cylinder of the beam engine was retained hat die piston rod drove a crank- 
shaft beneath by means of two return connecting rods. Its portability made 
it popular until tbe middle of die nineteenth century for driving workshops, 
bui 11 has now almost completely disappeared. An example may be seen 21 
dir Science Museum. 

The horizontal engine was introduced js early as 180a by Richard 
Trevithick as one of a number of hb expert menial designs using high- 
pressure steam. Another high pressure design by Trevithack, but employing 
a Vertical cylinder, h preserved in die Science- Museum, Tile horifom.il 
engine (Fig 9) was little exploited until after 1830 and did nor become wide¬ 
spread until die 18503, After this date, however, simple single-cylinder 
horizontal engines were produced in large numbers for use m breweries, 
saw milk, small engineering shops and many places where an easily main¬ 
tained power unit was required. Firms such as Tangye of Birmingham made 
standard designs in a variety of sizes which could be installed either as a 
single cylinder version or with two identical cylinders* one or each side of 
die flywheel. An example of this latter type dating from iflSj j* mH used to 
power the Port of Bristol Authority Workshop at Underfill Yard, Bristol 
(tj6/ST $ 7 * 722 }- 

The direct-acting vertical engine (Fig g) with the crankshaft above the 
cylinder wa* patented in rtoo by Phineas Crowilier of Newcastle-upon- 
Tyne but its only widespread application seems to have been for colliery 
winding in the Northumberland and Durham coalfield. One remaining 
example is preserved at Beamish Colliery (78/NZ 220537) under the care of 
the North of England Open Air Museum. The inverted vertical engine 
(Fig 9) with its cr ankshaft immediately below the cylinder was introduced 
in die 1840s by James Nasmyth (rticS-ga) as a logical derivation of Jm SEeaqi 


AND IMEKNAI. n U 5 TI OS ENGINE* 


T I I 

hammer design of i 8 It achieved considerable popularity as 4 ittLjJJ power 
source, particularly in die marine application of driving screw propellers. 
Various types of supports for die cylinder can tic found* ranging from a single- 
side cast-iron frame with or without a mmd seed column at die open side 
to a symmetrical "A* shaped casting. Later versions, built m large numbers 
M^ell into this century, have the connecting rod and crankshaft completety 
enclosed, in the same manner n j motor ear engine, and operate at high 
speeds with pressure lubrication. 

or two ingenious adaptations. One of these was die grasshopper engine 
(see Rg 9) patented m T&03 by William Fremantle, the same principle being 
employed by Oliver Evans in America at about die umc time- In this design 
die piiton rod was connected by a pin to one end of the beam while the 
Other end was supported on mo long back links which allowed it to rock 
backwards and forwards. The centre of die beam was constrained by radius 
arm* and die drive to the connecting rod taken oH at a point between the 
centre and die piston rod link. The major advantage of the engine was one 
of compactness. Another beam engine variant, in trod need in riSos by 
Matthew Murray (17*5-1826), had die beam centred below the cylinder and 
c r a nksh a f t. Side rods connected the piston rod to one end of the beam while 
the other bad a connecting rod driving upwards an rt> die crunk tts low 
centre of gravity made the engine (Fig to) popular in paddle steamers, and 
an example may be seen in the bag Rtiiant w built in 1907 by J. T. Eliringtmu 
A Co of South Shields, and on view in die Neptune Hall of the National 
Maritime Museum at Greenwich. 

By far the most significant advance in steam engine design tn the nineteenth 
century was the introduction of die compound or multiple cylinder ex¬ 
pansion principle, initially applied to die beam engine and bter providing 
the hasis for a wide variety of Highly efficient direct-acting engines. As 
early as iyii Jonathan Hombhmer (13-53-1115) had patented an engine 
with two cylinders in which tile steam was introduced to die first direct 
from the boiler and was exhausted into a second cylinder of larger diameter 
where it continued to expand and do useful work on the piston. It was not 
found to be significantly mote efficient than the contemporary Watt engine, 
but in rite* Arthur Wool!'{177^1837) revived the idea using high-pressurr 


Despite this profusion of new engine layouts during the nineteenth century, 
tr beam engine continued to be built with various modifications and otic 
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steam. Ahhough reasonably successful, Woolfs engines (Fig 8) were ooi 
widely adopted, being m ate expensive ;ind coinplicaled than the Cornish 
engines of Trevithick with which it icy wefc compared. In I 845. however, 
Williatn McNatight of Glasgow introduced m ingenious md highly iticcce- 
ful method (Fig g) of compounding by adding * smaller diameter high- 
pressure cylinder on the crank side of die beam of a conventional beam engine* 
between its cc&tre and the connecting rod, TEiU avoided twerareding the 
beam and* by replacing the old tow pressure boiler with a high pressure one, 
both power and economy were improved without the need for a completely 
new engine. By the i&Gos compound beam engines were widespread and 
new engines were be tug buiEt ui die Woolf manner witli cylinders side** by- 
tide driving tin 10 the same end 11E die beam. Compounding enabled steam 
10 be expanded in the cylinders to many tames jts originn! volume with 
minimal losses from condensation and leakage. The Ryfaopc engines 
mentioned above arc typical compound beam engines. 

With higb-prcsaim direct-acting engines, compounding (Fig to) wav still 
mote successful, eventually being achieved in three and even four stages 
through cylinders of successively increasing volume flie triplMXpafUsion 
type with three cylinders mounted vertically and driving on to die crank¬ 
shaft below found favour for marine use mil also as a replacement for beam 
engines m water pumping nations. Two of the largest land-based triples 
(Plate 15) ever built.are still in use at Kempron Park Waterworks. Hounslow 
(170/Tq 11070P). while another pair have recently ceased operation ji 
Otterboume pumping station ill Hampshire {itifi/SU 4^333); both sets 
were built by Worthington Simpson of Newark and date from the tys&L 

By the end of the mneutuch century the big textile mills of Lsmcuhirc 
and Yorkshire were demanding higher and higher lip* to dt ivc dieir vast 
numbers of machines and a specialised type of engine, die mil! engine (Fig 
14) was developed to satisfy this need. These amines were almost in variably 
horizontal compounds aiid some were designed to produce as much as 
4 + ooo hp. The two most popular layouts were the tmdem-coiuptnind in 
which the high mi low* pressure cylinders by one behind die other with .1 
common piston rod* and tlie emvs-conipouiid in which die high pressure 
cylinder drove one end oi the enribhaft and the low* pressure the a slier. 
Between the two ms the flywheel with ils broad face cast tti grooves for 
rbe cotton drive-ropes that powered the mill. Tile engine of Dec Mill Shaw 
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[5 Kentpmn Parle Waterworks: two of the five irtpk-cspaiman pumping engines 
built hy thr LiUeshaU Company tit the early i^qch 

nwr kochitalc (lot/SD 945093}, 11 an example of the ultimate m mill engine 
design. It is 1 iwin-tandem compound, thai is it Ins two pistoti unh each 
wstli a high and low pressure cylinder driving each end of the crankshaft, 
■Built in i-fjofr by Scon & Hodgson Lid of 1 Guide Bridge* the i.)cc' tni^inc has 
two 1 3 iti diameter high pressure cylinders with Corliss semi-rotary valves 
and 1 wo low pressure cylinders of 42m with pivron valves. It i% preserved 
by the Northern Mill Engine Society in association with the owners,, 
Coumuids Lid. A smalt tandem-compound mill engine by Poll lit & 
Wigzdl of Sowerby Bridge ls displayed in the Birntifiglum Museum of 
Science & IndiiAtrv. 



i ; ((? n ),oti(jihptriplc-cxpwiwem mill ague- Hirk, I Jafgreaves mid Co Lnt, Holton 
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In ihe fS«os a new demand arose for engines to power electrical dynamos. 
At tint slow-speed engine were used to drive dynamos by belt but the 
advantages of direct coupling led to the introduction of a specialised type 
or engine capable of miming at speeds in die region of joo rp.,i. A number 
of these were made single-acting to avoid die reversal of load on the crank- 
pm and thus eliminate the blocking which would develop mdas impraet.c- 
3% small bearing clearances were used. The most successful and widely 
adopted design of tins type resulted from patents taken out in i« 8 4 aid , 8 S 5 
by Peter W.tl.an, Wiliam (1R51-W) for a centra! valve engine tn which the 
steam was distributed by a piston valve insidr the hollow piston rod The 
valve was worked by an eccentric on the crankpiti and the engine, which 
was a vertical, had a totally enclosed crankcase with splash lubrication. 
Simple, compound and triple wspansiem types were nude in large numbers 
and ultimately ill sizes up to A.500 tip. Although extremely economical, 
they have utmost completely disappeared from use and examples are much 
more difficult to find than are beam engines. Wiliam engines can be seen in 
the Science Museum, South Kensington and the Guinness Museum St 
Janie* i Gjiic, l>tih]nt. 

Tile introduction of the steam turbine in the iHHos and in rapid develop¬ 
ment it) the following yean tendered the Wiliam engine obsolete by the 
i j r ) jejoos, but another type of high-speed reciprocating engine was also 
rivalling tt by that date. This came from the Beilis & Mofedm company of 
Birmingham, which introduced a double-acting enclosed vertical engine 
in the mid-rSgt» in both compound and triple-expansion form, largely for 
powering small generators. It lud torced lubrication and was extremely 
efficient. Large hp versions were built, up to ^ioo lip. but these could not 
compete with turbines. In small sizes, however, the Beilis ft. Morcom type 
Ol engine, made by j variety of manufacturers, tt still used particularly 
m hospitals and laundries where low pressure steam is required for heating 
or process work By generating steam at a high pressure and feeding it 

lirst through an engine, electricity can be generated at verv small additional 
cosr. 

Beiore terming to ibe steam turbine and its development, let us consider 
a number of other types of reciprocating engine that may frequently be 
encountered by the industrial archaeologist in a variety of applications. So 
(.ir we avc dealt mainly with large engines designed for powering factories 
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or major irutalbtion* such -n water pumping stations* bur numerous steam 
engines were produced after about T^yo, and well inio the present century, 
to provide relatively small tmounts of power jit almost any point where it 
was needed, llie moat popular of these was baicd on the locomotive type 
of boiler on which the engine itself was mounted. )t> most mobile form way 
the traction engine, consisting of a single-cylinder, or twm~eyUnder com¬ 
pound, horizontal engine providing power both to move tile engine and to 
drive machinery such os threshing nwhines A similar type, known as the 
portable engine, wsi not $df*propcUcd hut had to be rowed to where it 
was needed by horses or a traction engine, it was used mainly for powering 
saw mill i and electricity generation m furgrounds. A Semi-portable form, 
although without wheels, consisting of 3 boiler with the engine mounted 
on it, round favour in saw mills as well as flour milts and in small, often 
rurally situated* facto ties, where a cheaply run engine of moderate bp was 
needed A variation, known 13 die tinder type, hod the engine placed beneath 
die boiler in the same position as the cylinders of a railway locomotive* 
Rarely did these portable typers of engine exceed T50 hp T 

The patenting of a practical steam turbine in 1A&4 by C A Parsons (1S54- 
1^31) svas one of the most significant events in the evolution of heat engines 
as prime mown, and marked the beginning of the end for the reciprocating 
steam engine. It also brought to fruition the dreams of scientists and engineers 
over many centuries who tad been fascinated with tins problem of rotary 
power. Between i?H *nd * 3& 4 nearly 200 patents were taken run in Britain 
alone for -siearn and gas turbines some of them anticipating in principle 
designs which were ultimately to be successful, In the turbine die steam, 
instead of being wed under pressure against a piston, is set in motion, and 
the conversion of this pressure energy into velocity or kinetic .niergy produces 
tta rotation of die turbine shaft. Parsons* success by m his appreciation of 
the problem of expanding the steam effectively through die turbine, 3 
problem which he solved by dividing the pressure drop into many small 
stages, at each of which was an elemental turbine. Each of these turbines 
corniced of a ring of blades mourned cm a long shaft, the rotor and the 
sator. which carried smubr raws of blades projecting inwards between the 
rowi of blades on the shaft. Strain admitted at one end of the stator Ho wed 

* Fanmii iHucd [iismieriont dm the aposmiplnr should be mumd i n like ilm. 
preferring tu offend ihrrtc who knew thin *ufFer those who did not. 
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paraiki to the axis of the turbine, that is axially. between the blades of die 
rotor and mir alternately. eventually exhausting to atmosphere. Its . irdcr 
to eliminate end t limit mi die rotor bearing* Parsons arranged a central 
admission point for the steam, whence it flowed through two identical sets 
of blades towards each end of the turbine 

The incentive behind the development of the steam turbine, like that 
behind the high speed red procuring engine, was the need for an effective 
power source for electricity generation, and in this rok it proved an 
immediate success. Indeed Parsons first turbine was direct-coupled to a 
7*51 k\V dynamo using steam at 80 lb per sq in and miming at 1 speed of 
18,000 [pm, 1 he rate at which improvements were made by the original 
inventor was remarkable, and by 1000 1.1150 kW units were in service, 
rivalling in power output and efficiency the best reciprocating engine 
generators, in 1897 die first practical marine application of the turbine was 
made by Parsons in rhe experimental Turbltiic fitted with three axial How 
turbines dirccr-coopted to three screw propellers, Steam from the boiler 
was led first to the high-pressure turbine on tlw starboard side, then passed 
to the intermediate pressure turbine on the port side and next to a low pressure 
turbine placed amidships before being exhausted to the condenser. A separate 
turbine on the central shaft drove the vessel astern. The spectacular intro¬ 
duction of die marine turbine to die assembled navies of the world at the 
t *97 Spirited review, when Turbrnis raced up and down between the ranks 
of ships at an unprecedented 54-5 knots, established beyond all doubt its 
supremacy over die reciprocating engine. Exactly 10 years later die flunard 
liner Maurtiatlla of 58,000 terns attained 16.04 knots powered by steam 
turbines of 70.000 hp. 

two important Parsons turbine generating units are preset veil in the 
Science Museum, South Kensington. These are his original 1884 unit with 
bipolar dynamo ami the first condensing turbo-alternator of too kW built 
tor the Cambridge Eleeme Lighting Company. Other Parsons turbines 
may be seen at Abbey dak industrial Jiamlct, Sheffield; Glasgow An Gallety 
& Museum, Kclvingrovc; and. appropriately. Newcastle-upon-Tyne 
Museum of Science & Engineering, svherc Turhtma is also preserved. Also 
at Glasgow- Museum are an early De Lavjj turbo-generamr and a high 
pressure and low- pressure rurbine from the Clyde steamer fjnj fihtW 
of 1901, flic first commercial turbine-driven vessel in the world- 
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The steam engine, a* we hive seen, was the first effective power source to 
release nun from his reliance on natural agencies—cm his own ntiiidcs T 
die Lise of anity iati or an windmills and water milk Power was available 
in almost unlimited quantities for die driving of machines and the eidy 
application of steam to transport in the form ot vlups jiid railways means 
that this one prime mover occupies a fun datumtal position in die expansion 
of industry and die development of industrial society in the last 250 years. 
Over dm period the reciprocating steam engine has come to command a 
respect quite unique among machines, from 1 wide range of people who 
gain some aesthetic latkfactton from die sight, sound and smell of a steam 
engine in action. Today the industrial archaeologist, eu tracing die evolution 
ot the steam engine, can find numerous examples preserved which illustrate 
many of the major stages of development, although beam engines of one 
type or an other ate by far die most miuiL-tcus. So far very few of the last 
generation ot large steam engines have been kept and* although a number 
ot mill engines, colliery winding and pumping engines ire still in regular 
use* their numbers arc decreasing rapidly Tile Dee Mih engine at IWhdalc 
is the exception which proves the rule but at yet no example of die big 
triple-expansion vertical pumping engines built m large numbers dawn to 
the 1920s has been scheduled for preservation. Slinil jr]y diu sieain turbine, 
much Jess interesting visually, does not have a wide end]must following, 
and only a lew mu dl and early examples have been preserved, as static 
exhibits in museums, 

THE IMT£ItNAL COMBUSTION UNCIVIL 

The Hgmticam history ol die internal combustion engine lies mainly in the 
period between the iSjos and the present day, although the ex peri mem J 
beginnings go back much further. Indeed the concept of burning foe! in 
die Working cylinder is older than that of the steam engine itself, being 
ascribed to the Dutch scientist Christiaan Huygens (1620-95) who devised 
a machine using burning gunpowder to provide the expansive forces necessary' 
to raise 1 piston. Cooling of the gases created a partial vacuum and atmo>* 
phene press me forced the piston down. It was ihc substitution of gunpowder 
by steam, using an external focJ source, that was to lead to the development 
of a practicable engine in the early eighteenth century. 
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ft wu not mml 1859 that an engine burning its iud within die cylinder 
w - fc4 tirVlM; d to operate cominuotidj under indmtml conditiems, bat by 
then the iica 111 engine was univernDy established iud m an almost imassdl- 
ihlc position, Earlier experimental machines had been built and m engine 
made id i.SzO by the Rev W. Cecil oi Cain bridge swing hydrogen as a fuel 
was perhaps the first interna] combustion engine to work in Britain ar fc for 
tlui nutter, in the world, Nothing came of it, however, nor of the dozens 
oi patents for 'gas exploding' engines taken out in the first half of the nine¬ 
teenth century. 

Success was finally achieved by a Frenchman T Etienne Lernor (1^-1300) 
who m 1^59 introduced a gas engine resembling in appearance a double- 
acting horizontal steam engine, A gas md air mixture ums admitted at 
cadi end of the cylinder alternately but there wits no compression. The 
mixture was introduced during the early pari of each stroke, then fired by 
m electric spark and expanded during the remainder of the stroke. There 
were thus rwo explosions, one on each tide of die piston, per revolution 
oi the crank While induction, ignition and expansion were taking pbee 
on utic side of the ptsion, burnt gat was heing exhausted at the other, 
Although small, ranging between i and 3 lip* and cornu tiling rather large 
quantities of gas. Lenoir's engine achieved a considerable measure of success, 
joe \~400 being in use in France by tlur mni-t$Afa. An example can be seen 
in the Science Museum. South Kensington. 

hi rS6a another frenchman, Alphonse Wean dc Rochas (1815-91), obtained 
a patent for a gas engine employing what we now cal! the four-stroke cycle. 
ITc laid down a range of condition! for good efficiency* namely: die cylinder 
should have the greatest possible volume with rbc least possible cooling 
surface* there should be the greatest possible rapidity of expansion jh-I 
ratio oi expansion, and che greatest possible pressure in the cylinder at the 
beginning of expansion. These conditions Jed to the follow ing sequence of 
events in his engine; 

1 Suction or induction at flic giv-air mixture during a complete outward 
stroke of the piston. 

2 Compression during the following inward stroke. 

3 Ignition ac or near the dead point !ullowed by combustion and expansion 
during the third stroke. 
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4 Exhimting of the burnt gases from the cylinder on the fourth and 
(Tim I inward stroke. 

The cycle k then repeated. Ekau dc Kochns did not follow up his theory 
ind it was left to -j German engineer. Dr N. A. Otto (1832—91), to put it 
into practical operation. 

During the iStios Otto had. developed an atmospheric 1 free piston gas 
engine bearing sinking resemblances m us principles of operation to the 
Newcomen steam engines of a century and 4 half earlier. The piston* mount til 
in an open-topped vertical cylinder, was misrd by the expansion of gases 
ignited bcancarb it. Cooling and contraction of these gases resulted in the 
atmospheric pressure 011 top of tile piston forcing it down. Tins was the 
working stroke, and a toothed rod, or 'nek\ attached to the piston engaged 
in a gear wheel on 4 shaft convened its morion into rotary power suitable 
tor driving machinery. Fuel consumption was substantially less than in 
Lenoir*5 engine and, after its introduction by the firm of Otto & Langcti in 
s86t t it had soon driven almost all competitors oST flic market. In Britain 
Ciussky linn Lid of Manchester produced the engine under licence in .1 
variety of sires and a number have been preserved in museums. Examples 
of the 1 lip type may be seen at Soudi Kensington and Glasgow Art Gallery 
& Museum, while Bristol City Museum lias 4 4 hp version in store 

By 187^ Otm had produced a still more successful engine operating on 
the four-stroke cycle proposed by Beau dc Rochas. The "Otto Silent Engine 
without doubt marked a milestone in the progress of the internal combustion 
engine, being the first really strong competitor to the steam engine and* 
in proving the practicability of the four-stroke cycle, forming the basis 
lor the motor car engine of today, Crosstcy 3 cook up Bits new 1 Otto engine 
and produced a variety of sizes under licence. Large numbers have found 
Acir way into museums, as have dm ike downed ungle<y tinder horizontal 
gas engine* made by other British nimulktura*. A number of types and 
tires may be in the Birmingham Museum of Science & Industry, where 
a Tangyc engine is usually running on gas. 

In all these early four-stroke gas engines steam engine practice was followed 
to a large extent. They were usually dowered horizontals with admission 
of gas and sir cmurdlecl by a slide valve. Although some engine* used dearie 
ignition, orhers relied upon a continuously burning flame inside a chamber 
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ui the cylinder wall When the firing poini arrived, the slide valve opened 
a dot exposing the dime to the mixture in the cylinder, Igtmmn ofthe gases* 
however, extinguished the flame itself so it was necessary to have a second 
one outside tile chamber in order to reunite the i menial dame. At 
the moment of ignition the external flame was shut off f rom the internal 
one. A later idea was the hoc tube kept at bright ted heat by an external 
flame. 

The lucl used in mo si of die early gas engines wa* town gas. but gas 
from coke ovens, blast turnacc gas and producer gas were also employed. By 
the end ot the nineteenth century special gas producers, using coal, were 
being made tor direct coupling to gas engines, thus making diem independ¬ 
ent of piped gai, In most designs die main piston of the engine H as used iq 
draw air into the producer. In the £#70* a number of engineers, notably in 
Austria and die United Slates* were experimenting with engines using an 
off fuel instead of gas but little success resulted, largely because oldifficulties 
m getting e!ic oil into a sufficiently divided nr atomised state to be easily 
combustible* The first trolly satisfactory design was rile Priestcnan engine of 
itfSG. which used paraffin (kerosene) as us fuel. The liquid was atomised 
by compressed air and vaporised in a vessel heated by exhaust gas before 
being drawn into the cylinder with the fresh air cliargc and ignited by 
electric spark. The Hornsby horizontal oil engine had a vaporiser at the 
end of the combustion chamber, 011 the cylinder head, ^nd a special porabJc 
oil lamp was used to preheat it befotc starting, while m Cawley engines 
vaporisation waa achieved in a spiral pipe encircling the oil lamp chimney. 
Once the engine was started and reached its operating temperature, the 
lamp was no longer required. All these early oil engines were slow-running 
single-cylinder water-cooled fiorizonrah limilir in general arrangement 
to both gas and steam engines of the period. 

About [too a very different type of oil engine was designed by Herbert 
AckrtmLSmart (1864-1917). who owned ati iron foundry at Blctcblcy 
where he conducted experiments with the advice of Pmf William Robinson 
of University College, Nottingham, The engine had .1 combined vaporiser 
and explosion chamber forming pan of the cylinder head. The vaporiser, 
which was in the shape of an elongated bulb, was maintained by the heat 
of combustion at 4 temperature high enough to vaporise the oil which was 
injected directly into ir, and high enough to cause igrunon of the fuel/air 
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mixture it die end of compression. l : or starting purposes the vaporiser was 
heated with a blow lamp. 

The Ackrayd-Stuart engine exhibited two lectures of great importance. 
It required no devices for igniting the inflammable mixture, once it hid 
started. and the fuel was injected ‘solid', that is, without the use of atomising 
air. Tins? two features are characteristic of the modern high-speed oil 
engine, but it muse be emphasised that rhe modem engine is fundamentally 
one of high compression, whereas the Ackroyd-Stuart design deliberately 
avoided high compression and provided auxiliary meant for reaching the 
necessary ignition temperature, lack of capital prevented Ackroyd-Stuart 
from carrying on his experiment* and in i 3 gi he sold a licence to manu¬ 
facture his engines to Huston & Co of Lincoln, who made them successfully 
for a number of yean. 

Undid pis Diesel a German engineer bom in Paris, was 

responsible lot taking the final step of developing an engine in which 
ignition took place solely by the heat generated by compression. His principal 
aims were to circumvent the two main sources of beat loss in an internal 
combustion engine—by controlling the maximum temperature, through 
the gradual introduction of the fbd, .rad by lowering the temperature of 
the exhaust gases. To these etuis he designed an engine Working on the 
four-stroke cycle in which pure air only was compressed by the piston to 
* very much higher degree than the mixture in any former type of oil 
engine. An injector pump then forced a in mute bill accurately determined 
quantity of oil into the combustion dumber, where it ignited spontaneously 
on contact with the compressed air. It was found tlut its maximum thermal 
efficiency was some 11 per cent higher than that of any other form of prime 
mover and that die engine worked well on a wide variety of petroleum oik 
Initial disadvantage* resulted from liigii weight. as the engine had ro be 
solidly built to withstand pressures of up to thirty-live: times Jimosphenr. 
but improved construction techniques had. by the igaos. pul die Diesel 
engine into a strong competitive position for both stationary and automotive 
uses. 

It was Gottlieb Daimler (1*34,-1 geo} of Wumemberg who successfully 
developed the mull lightweight high-speed engine running «m liquid fuel, 
in this case light petroleum spirit. In iKSj lie patented a single-cylinder 
vertical engine with enclosed crankcase and ily wheels. From this dc^gp all 
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subsequent Daimler engine* were derived and in two- and eventually four- 
cylinder voriom this type of engine formed the bask for die evolution of 
the motor car. A sucuon-operated mki valve was used with a mechanically 
worked exhaust valve, a governor being arranged to prevent the latter 
opening when engine revolutions exceeded a predetermined speed. Inrro- 
dunion ot the fuel was no! >uch a difficulty as with, the oil engine, as petrol 
vaporises readily iti the presence of ur. Wick feed carburettors were soon 
to give way to jet feed types, particularly for mad vehicled 

Almost exactly contemporary with Daimler* introduction of the high- 
speevl engine in t^S$ T Katl Benz (1844^193$) was building his first motor 
vehicle. This incorporated a horizontal engine using petrol as a fuel and 
operating on the 'Quo' four-stroke cyde but at the slow speeds of a gas 
-Ugifie. It was the high-speed engine pioneered by Daimler which eventually 
triumphed, however, and although a number of ingenious variations and 
layouts were tried in the period before World War i m the general arrange¬ 
ment of vertical water-cooled cylinders mi enclosed crankcase h still by far 
the most popular type of motor car engine throughout the world Numerous 
early motor cars arc preserved in museums and often their engine* can be 
examined closely. Notable collection.-; include tkose of the National Motor 
Museum «i Beaulieu in Hampshire; the Science Museum. South Kensington; 
die Herbert Art Gallery & Museum,, Coventry; mid Glasgow Transport 
Museum. I'or a real appredation of the early motor car engine in operation, 
however, the London to Brighton rood on the firs! Sunday in November 
the occasion of thr Veteran Or Club Hun, enable* one to see. hear and smell 
the faltering post-natal beginnings of the machine w r hich h.is had such a 
fundamental effect on the fives of us all. The Historic Commercial Vehicle 
Club run takes place over die same route on the first Sunday in May. 

I Respite the Mci that the internal combustion engine is so familiar, and 
indeed commonplace, in the everyday world, its origins and early years arc 
os much the province of industrial archaeological enquiry j-* are those of die 
xtcam engine, I he rate of development of interna! combust ton engines has 
been such that almost any example dating from before 1930 and still in use 
is a rarity Paradoxically iris often the Otto-Cnmlcy gas engine of the 1 SBos, 
slow ^running and slow to wear out. winch has survived to be preserved. 
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The earliest mlnen were interested in Hint, from which they made their 
tools. ind to reach the hot liven in die Aim-bearing chalk, they excavated 
Simple pits. These tint mines, probably excavated by Mesolithic or Middle 
StOtte Age Man of perhaps j o.od-3 years ago* were Jude more than simple 
holes in she ground i but by the Neolithic period* which ended about £000 t*u 
much more sophttorated mines were being dug, with galleries extending 
from dufe to the thm-beanng tcyck The firnt mines of Europe were on or 
near the chalk outcrop* in northern France, Belgium md southern England. 
In Norfolk the most extensive tinning ‘lire, which U known as Grime* Graves, 
covers tome M aati. hue smaller tcmaim survive at Cissbury in Sussex, 
Worthing and Chichester 

The succeeding Bronze Age tjw the working of lead, tin md copper, and 
finally it on. which displaced the tin-roppet alloy bronze as .1 100! making 
material- Coal ton may have been worked at ph ecs where it outcropped: 
and even possibly in small pin of shallow depth- It was of nome small 
importance to the Homans in Britain but the Saxons md Danes appear to 
have disregarded coal almost entirely, using wood and pest to heat their 
dwellings- No cncutiun of coal occurs in the Domesday survey of to^O, 
bill by the time of Magna Cara in 1215 the industry had certainly started 
on the banks of die Ri vers Tyne and Wear and the Firth of Forth, wliefccoa) 
w r as gathered from outcrop and occasionally mined. 

Coal did no! become a nruJIy important fuel unci! die sixteenth century, 
and in terms ot industrial development it was nos of major significance 
until die middle of die eighteenth. From then on, however, coal was far 
and away the most important of all the natural resources of Britain* pro¬ 
viding heat for both thcfmddng and fashioning of men Is and the generation 
of steam. Initially cod was not a popular fbtil and for domestic use w ood 
and charcoal were generally preferred. Only poor people living near the 
workings burnt coat. The impurities m coal which caused the noxious fumes 
w di rti stt f ul to the dmootnc user in a hntte with inadequate ventilation also 
caused problems to industry, so if was in j punited state, as coke, that c*al 
w r a* first used on a really large scale for industrial purpose*. Thus coke was 
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the first successful replacement of" charcoal for iron smelting m 1709. 
Similarly, it was not unriJ 1W59 that slse introduction of the brick arch into 
the fireboxes of railway locomotives enabled coal to be burnt satisfactorily. 
Previously coke had been used in all except miall and relatively inefficient 
engines working in 01 near collieries. 

This docs not mean that coal had no industrial uses. Umebumers, bakers, 
brewers and glassniakcrv, for example, all adapted their process to burn 
coal and. as the huge forested areas of England became decimated, die price 
of timber, coupled with the strategic timber requirements of the Royal 
Navy, stimulated m increase in the use of coal wherever possible. By the 
1760s the coal industry was growing at a rapid rate, and it reached its peak 
nr 1913; since then it has suffered a steady decline in the face of oil, and 
more recently natural gas and nuclear power. It is worth remembering, 
however, that most of the electricity generated in Britain comes from cod- 
fired power stations* 

The first access 10 coal wat at outcrops where it could be picked up on the 
ground, and cm hacho where coal in clifts was being commit] y etoded. By 
tiic twelfth century mu a II quarries and ditches w etc being dug, and m the 
thirteenth century, in addition to such opencast methods, coal w j> jIso 
being won from shallow dnfts and bcJbpns* Drifts were usually found m 
hilly districts and consisted of more or less horizontal tunnels or galleries 
cut into the hillside* and following the seam* of coal A number of privately 
owned drifts arc still be tug worked under licence today, and although they 
arc small by twentieth-century standards, they are much larger than their 
thirteenth-ten tiiry predecessors. In areas such 1* the Forest of Dean m 
Gloucestershire there lias been a continuum history of drift mining, and die 
"free miners' of the Forest still exercise their medieval rights to nunc coal 
(Plate i*) t Their workings, although involving some modem equipment 
ate I stile altered from those of 5 centuries ago and include mmy of the basic 
techniques of mine operation, A reconstruction of a tmaD drift mine can be 
seen at B lists Hill Open Air Museum, I ton bridge. Shropshire- Recently 
the National Coal Board has built 1 number of new large drift mines, 
notably in South Wales and Yorkshire, 

Problem* of ventilation and drainage limited the stre ot the early drift 
mines, bur where coal by at only j shallow depth below the surface, it 
was won by unking belbpits. a simple process involving little equipment 
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atiJ no drainage or voittUckui gear Bell-pin ire t* edkJ hecausc. when 
viewed in ttcrioo, they have ihe shape of belli. A pit was sunk like a well 
shaft to a shallow coal warn and the coal at tile foot of the shift was then 
taken. Next, it was cut away around the pit Lvittom in all directions until 
(he sides were m danger of collapse The pit sea, that abandoned and * new 
one started nearby. Bell-pits (Mate 17) were rarely more than yoft deep, 
usually circular m plan, and often dug very dose together. Very frequently 
they collapsed after their abandonment, so that areas of hell-pit working 
can noiv be recognised by a characteristic pock-marked surface to rho ground 
mask up of numerous circular depressions ao-3oft b diameter. Evidence of 
bell-pits can be found on many of the older worked coalfields, particularly 
tit Derbyshire at Strertott. Wingerwonh and Shipkry, iti Lancashire at 
CastcTcliffnear Nelson, and in Shropshire on Brown Cite. 

Where teams lay deeper than 10ft. bdl-pm were wasteful of labour, so 
headings were enr out horizon rally , n to rod lor j short distance from the 
shaft bottom. Betw een these headings wide pillars of™J were left to support 
the roof Tlic arrangement was at line irregular in pattern, resulting in as 
much as lull the coal being left behind, hut it was soon recognised that it 
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17 Kfjtuiiii of bell-pits near WjKcticld, Yorkshire 


both practicable and economical m divide the sea no up imo urge 
pi I fin by roadi driven at ngh wangles, and Subsequently 10 follow Lip by 
extracting the pillars. This method cl mimtig is known as bord-aiid-ptllar or, 
more commonly, pUJaMhti**ttJ| lurking (f% m). Thera were two distinct 
cugtn in the cutting ol coal in this way, Initially, when the bards or stalls 
u-efe being driven :ts working advanced frotn the pit bottom, die process 
was know'll is working in the whole . The second stage* oi cstrictinjj the 
pillars while returning bark toward* the dtaft was called "working in the 
broken . although mos* miners would call dm robbing the pillars on die 
retreat The method at removing pillars was to Like lifer* off one side, the 
root mem while being supported by timber prop*. When the whole of the 
pillar Wiii cut away, the timber supports were withdrawn and the root’ 
allowed to collapse. 

iMLc-ambstaJ] working became the standard rnedtad of coal extraction 
m a\[ tlit: major coalfield* of Britain, and in Nurthumbrrknd ami Durham 
in particular continued well atfer nariurialisation of the coal mHustry in 1947, 
I he miner of die North-Rise, With his highly developed tradition of rrafnc- 
m.mdup and skil! T 1 ended 10 be rat]let dow in adopting new mining Tech- 
niqurv The *yitem of working, m which in individual miner or small group 
men worked a stall abo engendered j craft approach and perpetuated 
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thts system of mining long after u had been replaced elsewhere by other 
techniques 

Pillar-and-stall working was * two-stage operation ideally suited to 
workings where there was not more than about 900ft of rock lying above 
tli 11 coal. Where depths were greater, there was 3 tendency lor the overlying 
rock to crush the pillars as, or wmeitmes before, they were removed. There 
were alto frequent problems of ventilation, To overcome chest drawbacks, 
curias011 in one operation was developed. Known as the longwajl method, 
it originated id the hire seventeen eh century,, probably in Shropshire, bin 
did not conic into widespread use until after I ft 50, In this system a wall of 
coal about 100yd long is won out and removed bodily in line. As the coal 
is taken away, any stone available is built sis 10 dry stone walls or packs 
fr-2ofr wide arranged in parallel hue at right-angles to the advancing wall 
or face. The purpose of tliese vvJh i\ to support die roof offer the layer of 
coal i\ removed and thus preserve it in 1 large U unbroken state. Long wall 
working is particularly suited to mechanical coabcuttmg methods in seams 
winch have layers of stone or shale within them. 

Once utinrs had grown beyond the scale of die early drifts and hell-pits, 
the cutting of the coal itself became a relatively minor problem compared 
with those of shaft sinking and winding, ventilation and drainage. Indeed 
the finding of a mluiinm to these \m two difficulties was dir major pre¬ 
occupation of 111mm and engineers item the end of the sixteenth century 
onwards. Until answers could be found, there were specific limits to die 
depth 4t wind 1 mines could be sunk and the distances to which workings 
extended from the pit bottom. The early miners on the exported coalfields 
were working tn known conditions. They could see where the coal was and 
asscii the problems of working as they went along. Once nunc* ft way Irom 
tile outcrops developed* shall sinking become speculative aud same means 
of discovering the presence of coal and any undesirable strati graphical 
conditions above it became a necessity. A> early as tftOfi Huntington 
Beaumont, one oi the first oi the great entrepreneurs, who had extensive 
interests in Nottinghamshire and she North £a:.r, was demonstrating liis 
"art to boorc with iron rodds to try the dctrpncM and thickit&sc nf the cole . 
This of course was much cheaper than digging trial shifts. In r?®H the cost 
oi boring was said 10 he 15-20* 1 hit horn, while sinking a sliait cost 50-60* 
a i a thorn r In 1804 James Ryan invented a boring technique which allowed 
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curct ro be extracted. and iJic applies dan of stam power, firm tried by 
Richard Trevithick, both speeded up and cheapened exploration. 

SSiaft linking was usually carried out by hand picks and shovels and wedges 
Tor splitting rock. Later boring rods were employed, and in 1-49 occurs 
one of the earliest references to the use of explosives, for a atoft shaft near 
Halifax Shaft* iverc generally circular in section, j-ufr in diameter, with 
about 7ft being the most common, though one shaft at New flock Colliery, 
Somerset (id$/ST 647505). in use until recently. is only in diameter. 

Square or rectangular sh.it c* w ere Jrcquciit on some coil lid Jt ji d 1 e y could 
be easily arid cheaply lined with wtxtilcn boards. Small rectangular shafts 
can still be touiul in the Forest of Pern, although ottcti the timber lining 
has deteriorated, making them very dangerous to explore. Where water was 
a problem in a shaft, it wu fidJ back with ‘tubbing’ consisting of wooden 
P tinks Jlkt the staves of 4 band or tub. The first casMron tubbing 

used in the Midlands was at Snibston Colliery in Leicestershire (ni/SK 
417 J 45 ). sunk by George Stephenson in 1841 _j This CJ n srii! be «cn m the 
ii[scast shafts, Elsewhere brick lining wag used, mostly with mortar but 
occasionally without. It was cheaper to lay brick* dry',' and they could be 
uwd again when the shaft ceased production, A dry-lined shaft can be seen 
below the headgear from Farm Hi, Heath Hill, reconstructed at Blists 
Hill Open Air Museum, Ironbridge (t iy/SJ 694051}. 

There were various methods of raising coal u P the shift (Fig t6). of 
svhich the earliest was a ample hand winch or windlass, sometimes known 
as a jack roll' and similar to that used on a domestic well, The barrel of a 
windlass of this type, found in 1969 at the bottom of a shaft exposed on 
Smushy Hag opencast site in Derbyshire, maybescen in the Mining Museum 
as bound Hall Milling Training Centre, near IWrird. Nottinghamshire 
(t li/SK 701751). To improve the performance of the hand windlass horse- 
dnven cog-and-rung gins were introduced in the early seventeenth emturv 
A s eracd spindle was geared to the horizontal barrel of ihc winch, and the 
horw. attached to the spindle via a wooden pole, walked round the mouth 
ot the pit to raise coal m small basket* known as corves or caries. Towards 
die end of the seventeenth century further improvement* wwe effected 
svirh tile whim-gui, hone-whim or whimsy. This new winder had the 
rope drum mourned oh a vertical shaft, winch was erected some distance 
from the pit shaft. The horse walked round muting rhe drum as in the cog- 
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aud-ning gm and the rope passed over a vertical pulley mounted on a wooden 
headgear over the shaft itself Depending on the size of the mine, one, two 
or more horses were employed, Whim-gin* were used until the early 
twentieth century in Mine places and a reconstructed example may be seen 
if the Nottingham Industrial Museum. Wo I la ton Park (m/SK 531393), 
I he use of water power for winding purposes occurred to 4 limited extent 
in Britain, initially with waterwheel* 1 non tired on horizontal shafts round 
W'liieh the winding rope was wound, and later using water balances A 
waterwheel for winding coal was installed at Griff 0)11 icry, Warwickshire, 
by John Smeaton (1744-92) in 1774, and in the North East rum-rotative 
steam engines were used to raise water winch was also used to power 'water 
gim’ No evidence survives of waterwheel winders but in South Wales, 
Where water balances were used, a well preserved balance tower can be seen 
at lllsensvun {1J4/SO 230091). [n a water lu!nice coal wu drawn up the 
shaJt in a cage by the weight of a tub, lilted with water at rile pithead, which 
descended in a parallel shaft. When tile water tub readied the bottom, the 
water was drawn olf through a valve, a trim of coal was placed on top of 
the empty tub and then dawn up the shaft by the wctghi of mother disccnd- 
ttig w,net-fitted tub. An example from the Forest of Dean is displayed in 
the National Museum of Wales, („udi(F. 

The earliest use for the steam engine, at the beginning of the eighteenth 
century, was for mine drainage, but it was not until 17$ 4 that the first steam 
winder, a Wait engine, was creeled, *1 Walker Colliery mi Tyneside. The 
eatly steam winding engines were primitive and somewhat unreliable which 
encouraged the persistence of hone-gins a* many small and poorly capitalised 
pits. One of the problems in tracing the introduction of steam winding 
in the late eighteenth century and early nineteenth results from the use of 
die word whimsy to describe a steam engine or a horre-gin, «> dm it » 
often difficult, if not impossible, to distinguish one Drum the other. What 
is certain, however, « that steam power seas rapidly adopted, particularly 
111 the large collerics of the Midlands and North East and that ir renamed 
the primary means of winding both coal and men until wdl after nitfoaalrn. 
rion in iy 47 . Electric power, introduced about tyofi, lias since 1947 become 
almost universal, and thete arc now thought to lx- Jess than twenty steam 
winders working in Britain, although a number of dead engines survive. 
Some have been preserved and nthro recorded on fi| m . 


Chimney* jtilI pumping 
hmur, Jane Pit, Workington* 
Cmnbertand 



Mjuv uf the early engines worked cut the Newt omen atmospheric 
prtnefplc with open-top cylinder* and limber beams, arid by the end of the 
eighteen di century Urge numbers were being ra*dc. notably by the Coj!- 
brnokdaJe Company. A Newcomcn-typC binder used m Farme Colliery. 
UucKerglen, Scotland, between tfiio and 191s it preserved at Glasgow 
Museum but i*. not tin dkpliy at rfsc time of writing. Ir has 1 43m diameter 
cylinder with a stroke of yfr Sm. By the iuid-nmcieenrb century a standard 
layout of winding engines bad developed- It comprised j drum on a 
burizangyj abaft at each end of \x hkrh was a crank 1 two horizontal cylinders, 
usually mounted on separate cast-iron bedplates, which ike supported the 
etankdiaft bearings. drove [his shaft. The engineuon had a control platform 
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mourned above the cylinders, whence be could survey the whole engine- 
house and in iiuny caws we ihc pit head tw. Mint engines iliac survive today 
atc of this twin-cylinder horizontal type. Notable among chese n the engine 
from Old Mills Colliery near kadsiock in Somerset, built in ifSftj by 
William Evans u Paul ton foundry and now preserved by Bristol City 
Museum. This engine, which is noc or display, has cylinders of join bore 
and tit stroke, with a rope drum t-lft in diameter. A small horizontal 
engine with one cylinder and its crank shaft geared to the winding drum 
shaft instead of tin- more normal direct drive lias been tr-ctected mid is 
running on steam at the bints Hill Open Air Museum. Iron bridge, ['he 
engine comes from Mj! burgh Hit near Briwclry. Shropshire, 

Of generally the same layout as twin-cylinder types is the large twin- 
tandem compound engine ar Asdey Green Colliery. Tyldcsky, Lancashire 
(lOl/SJ 7Q599&1), built by Vales & Thom in ijjcvlj. In many ways ic resembles 
a contemporary mill engine, with Corliss valve gear a nil a white tiled interior 
to the engine house. The engine is now out of use and may be scrapped, but 
there arc hopes of preserving j twin-cylinder horizontal capstan engine once 
used in cotmectimi with maintenance of the shall, flic hradstork? ar Asdcy 
Green are typical ot those built at larger collieries early this eenturv, with 
four legs of lattice steel construction standing astride the top of the shaft. 

A notable regional variation from the standard horizontal winding engine 
occulted in North East England, where vertical winding engines were 
common on the Northumberland and Durham coalfield. The direct-jcting 
vertical engine with crankshaft mounted above the cylinder, panukd in iSoo 
by Pliincas Growtber of Newcasdc-upoti-Tvnr. formed the basis fur engines 
built by Thomas Murray and James Jokey for pit winder*. One example, 
ar Beamish Colliers' (7S/NZ 110537 ). is preserved by the North of England 
Open Ait Museum. Built in 1855 byj, & G. joieey of Newcasrle-upon-Tytic, 
die engine occupies a tab stone-built engine-house (Plate iy), and the timber 
heads Locks have two vertical legs astride the shaft and two almost horizontal 
members running bark tn be supported m the front of the engine-house. 
Other surviving vertical winders arc at Elemorc, County Durham fSj/NZ 
3J64S6}, and Old Glyn Pu near Puny pool (154.'ST where there is 

alto a beam engine of 1845 that was formerly used for pumping. Both 
the Pontypoo! engines were built by Neath Abbey Work-,. 

The introducuon of steam engines for winding resulted in new types of 




hi Bctumbb Colliery* County Durham. Winding oigEiac-hiiuic 4 nd hc^iitrtck, tMjj 

winding rope being used. Tlm^c originally employ ud were mum] and made 
of hemp th^r consisted of several strand* wrapped in form -i composite rope. 
Flat ropcs + m which the strands were studied together **de by sEde. were also 
extensively used, md had the advantage e 3 »jt during winding the rope could 
be wrapped layer upon layer on j narrow drum, linn varying the leverage. 
At die beginning of winding, with the load at the bottom nt the shdfr, the 
rope w r as wrapped around the hum first ti ten inference of the drum and the 
empty basket or cage ati its own tope at die top was wrapped round the 
largest, A similar form of Lomimiously variable gearing ran be seen tm the 
winding drum at Asdey Green Colliery* where a scroll on the side foe ot 
die drum feeds die cable from the small diameter at the beginning oi the 
wind to tile full diameter of the dnnu svhm the load * moving, Tii early 
Coalmines, baskets or corves were wound up from the trams at the Foot of 
the shaft on foohangtng hemp ropes, but owing to the twist on the o>pe 
diey tended to spin round and sway from side to side. That* the speed of 
winding had to be slow. To overcome this swaying, shaft guides were 
introduced in 17M7, and basketv were attached to crossbars which slid in 
wooden guides attached to the sides of the shaft. 




Cyawynon CuUtery, Minin tarn Aih, Glamorgan, A typical Ute nuiciemtii- 
cmmry li«dgc*r t iu^w JcixtuhshcrJ 

The introduction of stranded iron wire rapes after about rH 4 o Jed to their 
being widely adopted for winding and also a>shaft guides, two cables being 
hmig dossn each side of tile cage and stabilised by heavy weights in die shall 
Hinip. In Shropshire punkubwfy. wtili its local chain industry, Hat w rough t- 
iron chain was extensively used for winding purposes. Known is Virile 
ekin'. it was used in much the same way as fat I temp or wire rope, and 
wound on to a narrow drum. Despite the fact that wear in chain was Jilfktih 
to detect and break were sudden and unexpected, rattle chain continued 
in me throughout the nineteenth century. Length can still be found all over 
the East Shropshire coalfield, used for a wide variety Of purposes, indudmg 
fencing- ® 

Jm the lair i« 40 t cage, were introduced f( , rep bee corves for Ming coal 
up the du Its. and by iftto most collieries of any size had than, Evwi so 
corves were used is iate as t»7J it William P». Whitehaven. An example 
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It preserved at LounJ HjJI Mining Museum. The introduction of the cage, 
which wai basically an open-sided box running oil guide* in the shaft, 
brought about die end of rht primitive and dangerous methods of man¬ 
riding practised ill many collieries. Often colliers merely cjung to the rope 
to get up or down the shaft- Occasionally *tsuii engines 1 were used instead 
The cage impro ved the efficiency of coal winding ill mines greatly, as a load 
of coal could travel on rails in a truck or tram from where it had been cut a! 
the coalface to the bottom of the shaft* mu on to rails tn the door of the 
cage, be safely hauled to the surface md there be emptied white the cage 
returned underground with an empty truck. A typical small cage tan be 
seen on the preserved Heath Hill Pit at Bihts Hill Open Air Museum. 

Having comidercd methods of mine operation, we must examine the tw r t> 
major problem* facing the Coalminer from the sixteenth century onwards— 
drainage and ventilation. The hand windlasses and horse-gin* used for raising 
coil could also lift water, but there were obvious limitation* to their capacity. 
Bv die end of the seventeenth century the size cit coalmines and, tor example, 
tin mines in Cornwall, was limited by the ability to keep them drained 
although in some collieries md lead mine* quite df«rive use was nude of 
underground ditches ot drainage tunnels known in the North East as \vaicr 
gate* 1 , in the south as 'adits' inJ in parts of the Midlands, such as Derbyshire, 
as 'soughs'. Tliesc were clearly af hide use for deep mines, and although 
wind and water power were used, it was the introduction of the steam 
engine after about 1712 that broke the deadlock. The stcain engine was 
developed specifically ibr mine drainage and for the first half century or so 
of its existence did little else. The derail* of in development are considered 
m Chapter 4, as arc some of the surviving examples which were used lor 
nunc drainage. These include the Hawkesbury engine now preserved at 
Dartmouth (iSS/SX *795* jh which was originally Instilled in the 1720s at 
Griff Colliery* Warwickshire, and is die oldest steam engine in existence, 
and the atmospheric drainage engine at EJsecar (tqa S£ 390003) In die West 
Ruling of Yorkshire. The EIsocar engine is preserved On its original site by 
die National Coal Board. Adjacent to the engine house is a timber hradstock 
over a situll shaft An ocher atmospheric engine, of i^ji. vm. acquired in 
j y 17 from Pen inch Colli try, Derbyshire, by the Science Museum, whoe 
it is now* preserved. 

One of die moil spectacular colliery sitc^ and drainage engines is at 
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S’resiongrangc, East Lothian (ftt/NT 37473"). an the raid fast of 

Musselburgh. At die centre of the site it the ConuJi beam pumping engine 
by Harvey’* oi Haylc, Cornwall, which pumped water from die mine from 
I **74 t« I9S*. Hie beam weigh* approximately jo ton*, is yjfr long and 
fik 4in deep at the centre. The single cylinder is 70m in diameter with j 
stroke oi raft. Hie engine and its surroundings form die hath for a preserva¬ 
tion scheme sponsored by £usr Lothian County Council with the -1 distance 
ot the National Coal Hoard and Various Inca! urganiiations. Ir jt, 1 mended to 
collect equipment and documentary materia] illustrating the Uistorv of 
coalmining in Scotland and display it in the recently restored colliery power 
house. Ekesvlicre it is difficult to foul surface evidence <if colliery drainage 
worts, j I though litre uni there an engine-house survives. The massive house 
of Calcutta Colliery pumping engine near Tliringvonc. Leicestershire 
(ni/SK 4241 llj). « mic rxa tuple, and another, of rather Cornish appearance, 
may be wen ai Nailscj in Somerset (165/ST 479691), In tome coalfields 
engines were in nulled away from the collieries themselves to drain u We 
areas in which the various mine workings were connected by levels. An 
example was the scheme to drain tine Htiwjfliim Bam dev Bed m South 
Yorkshire, of which the 11 wtcar engine was pari Similarly the Lloyds engine, 
Ma ddty Wood, Here Iron bridge (tiy S| *90051). of which recognkAJe 
remains survive, drained a number of mines in rhe are,. 

tietore turning to mine ventilation, we should mention an unusual form 
of coal extraction at Won.ley in South Lancashire, w hich combined drainage 
levels ami sought with the mine workings themselves. The site haseomider- 
able historical significance in the early development of onals and is readily 
accessible to the visitor The entrance to the Wonky Mmc (Pit ft , s 

nnrtli nf Wonky- ttoad and were of the IXtlph (ten M) 74«ooj) i or further 
dentils of these extensive workings, see pj+4. 

As mines grew in u*e. problems of ventilating them increased, fo small 
workings the only ga* with which the miner had 10 eon tend was 'sty the' or 
’ Jampe’, known now u hl.it kdamp w chnkedamp, It is a mixture of carbon 
dioxide and uiir.igctt w hich in large quantities w ill suffocate all coming into 
contact with it. Later, as mines became deeper, firedamp, 4 mixture of 
tncihine and air, was encountered and ifi* era of the wri.nit mini explosions 
began. Another explosive element in mine*-the concentration of fi, l(f 
coalillist—was out known about until much later, firedamp is produced 



- 1 Entrance |l« iJu Lv^lnunirt at Wnrdcy, Laneidiifc. On d>- Ll-Ii ii j ‘itHrvatiojitf 
boat on dir underground canal system 

during the decay of vegetable su.it nr and ittranyemon into coni; it remain* 
in the cleavage planes of the coil a ml the nearby rocks and is released as soon 
as die *t%uH K worked. In mixture with ,iir tf eoneeitnations of j-t s per cent 
methane Tt is highly lnri-imuiahle By the fate eighteenth century colliery 
explosions. oitcn of great violence, w ere common, especially tn Nurtlumibcs- 
IlI[ i l! , Durham and South Wales There writ fi-jj. explodons hi the North 
Ea*l between tr8j5 and 1850. even after the mlrmiuction uni widespread uw 
of the safety limp deviled by Humphry {later Sir Humphry) Davy (1778— 
1&29) in t»j j. 

The Society for Preventing Accidents in Coal Mi ins, formed in Sunder¬ 
land in iKjjt, largely .0 a result of the Felling toLhery dkmcr of the previous, 
year in which nincty-rwo men and boy* sired, approached Davy, who 
expressed interest in the problem. He discovered the true nature of firedamp* 
the conditions under which it explodes and the rare of parage of flame 
through tubes of varying diameter* He found wire gauze in the form of a 
sleeve around the dame to be the most dJeettve barrier. The gauze was 
made from iron wire rang 1 tig from *'■< to --m m diameter containing twenty- 
eight wires ro the inch, or 718 apertws to the square inch. Twn other men. 
i>r W R Cl min (j 776-1B50) and George Stephenson (17K1-1848). the 
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Ui^am Imjntutjvc engineer, jIio Jevned safety lamps at aboift rkc him* nine. 
Miners bmps are common in most imkiiirui museums, but a partic¬ 
ularly fine collection may be seen at Gifford in the Science Museum m 
Untie HilJ Park iin Eecles Old Road. Another collection i* mamtained by 
the Protector bmp Ai\d Lighting Company ol Laftsdowne Road, Morion, 
Eedcs Mj&oPH, which is accessible by appointment Safety bmps reduced 
the incidence ot explosions somewhat, hut w Wn thev did occur in the bigger 
mines, the results weft often catattmphk. In i&6s mm dird in the Risca 
Mine h Newport; in r U7 S"?H liv<* were lost at fendale Colliery m the 
Rhondda Valley. I he causes of these iwo tiave since proved ig be die ignition 
of caaJdtisr, and today step are taken to combat dm by spreading stone dust 
m the mine workings 

Most early mnin relied an ronvection currents or natural air flow through 
two shits tar their vcnribiion. With increased site a threcd ventilation 
system became necessary, and in the oud-tevenreenth century the rim 
reference to the use of j W basket occun, 41 Cheat!Ic in North Suiffbrditiirc. 
hire baskets and later ventilation turn,ice-. were usually underground at the 
toot at tin? ‘upcast' shall. The upward movement of air due to rlic dumm y 
effect of hor gases induced a downward flow m die 'downcast* shaft and the 
Irish ik, circulated throughout the workings and controlled by trapdoors 
operated by boys, prevented dangerous concentration* of gas accumulating. 
A reconstruction of a surface ventilation fire and chimney may be seen at 
lilis* Hill Open Air Museum. Iron bridge, and Brinsley Colliery. Notting¬ 
hamshire. still has the flues and furnace underground, though they have 
not been use.I since the nineteenth century. In Lancashire ventilation chim- 
nej s for underground furnaces could recently be seen at Clifton Colliery 
Burnley, and Ptwftll Colliery, Carswood. A surface ventilation furnace 
and chimney can still be seen « a drift mine at Trehatod ,11 South Wales 
(l$4/ST OJ6910), The last recorded use of a fire basket was at Rode Pit 
Shropshire, in tgfij. and a surface furnace was used jt BroseJey Deep Pit 
fEfJfby, mini 154T, 

These survivals were anaduonivms, however, and various types of air 
pump were being installed at the larger collieries from the tSjos onwards 
One of the most widely adopted in the 1870s was the Waddle fin, a eentn- 
fugal fan of up 10 4 _slt ill diameter powered by steam or later electricity at 
die relatively low speed of 70 rpm. The fan consisted of two parallel discs 
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separated by bdetwirj curbed blades. Tile enure ol'tfie disc was bulltaw utd 
ronaeticd by a Ijrgc-Uiniiicicr pipe ro rhe iop of die ujseasi shaft. As the fan 
rnialed, air vvi* sucked in at the centre and expelled along the periphery.: 
Between 1071 and j$sXs uo Waddle lam were installed and a few still 
remain, though not now- working. One was at Aimnlcy, Nottinghamshire 
until recently, and mother, from Ryhope Colliery. Gjuutv H urhani 

preserved in tin- North n( England Open Air Museum ai Beamish. A 
V\ j ltdJc fan at Abergorki Pit, Mouuta in Ash. G bnlorgau (15,i/ST 0toy yo) 1 
is also to be preserved. 

before mechanisation began m Hie hitter pun of the nineteen rh century, 
md in many collieries yearn after rhem [he miner retied on pack, shove] and 
crowbar to get the coaf. fly about tSoo cxpbdvei were being med in shot- 
made with a child-ended iron bar* or* later tn the Century, by a band 
JnlJ, Loose gunpowder was pouted into the hole and ramped with day, 
mirig a tamping bar. A pricker or needle left in the hole when the day wa> 
tamped in would tbr-Ji be withdrawn to allow a straw full of priming powder 
to br inserted This was lit and burned for long enough to give the ? hot- 
lighter time to retire. A ilow-bpmmg fuse was invented by Wtlhani Bickford 
111 T #J< but many tinners would not use it on grounds of expense. 

A good selection of miners 1 look tv preserved tn the North of England 
^T-'u Air Museum h Beamish, which ibo has crackcts or working stools and 
variou* types of protective headgear. Below ground mechanisation, came 
slowly, and the steam engine, to valuable for pumping or winding, was 
out °l ike ijueimm ^ ,1 vHinre nf power for coaJ^tuiitig mack in cry, The 
ljv oi machinery m mine* grew with the development of compressed air 
■>nd electricity, panieutarly die litter* as source* of motive power. A com- 
prcsseiUair-powered coal cutter, lining a toothed disc, was iflirmhk'eil m 1 
by IIHui 1 as Harrison, and established the principle of the rotary or eon^ 
Tinmmsly moving cutter winch applied Until relatively recently, t hree major 
rypev of cutting machines emerged* the imt using a disc with teeth on its 
periphery, i| iL second a continuous chain carrying cuttcn, similar to die 
l hjiu *av. used today for tree felling, and the Hurd 1 rotating hit armed with 
cuCten throughout its length* A variety ofeutter-Luden have been tried in 
t:uv century, The Mect^Mourc wai a widely adopted type, lm it u now 
probably extinct; it travelled along the fare cutting cod with lwo horizontal 
g*b*< collected 11 and transferred it to a conveyor running parallel to the 
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dir ectioii of the traverse* 

The talc of change of technology in ike coal industry, as in many oibm. 
nuke; the work of the industrial archaeologist difficult. particularly a* much 
of the machinery is nor easily accessible, and cmitoi easily be preserved in uni. 
Museums such as the one Set up at bound Hall near Retford in Nottingham- 
dure are to be welcomed, therefore, 4i -4 means of fostering interest within 
the industry itself. Another museum in which there b some National Coal 
Hoard interest b the Science Museum at Bui Jr Mill t J ,irk F Salford, where a 
'coalmine' constructed in the cellars ol the museum includes a variety o i 
equipment frnm various penodi. Modern co.d-cufttfjg machinery is also 
exhibited and there i\ a bmp room with tnber*' deemc lamps on charge 
ready tor the visitor to use. The Department of Industry of the National 
Museum nt Wales, Card iif also lias a substantial coalmining section and is 
involved iri onsite preservation in the South Wales coalfield (we Appendix t). 
A Sisko! percussive coal cutter ciyi t, from Rock Hit, Kedey, Shropshire, b 
preserved at the Blim Hill Open Air Mimiim. It was recovered from the 
workings bv the Shropshire Mining Club, a specialist tirgatiiioiiun and the 
only one of m kind in Britain carrying out systematic exploration and 
archaeological survey work Underground rn the Coal Measures. 

No study of the industrial archaeology of die coal industry would be 
complete without mention of the transport systems which developed to 
service it. Detailed consideration of equals and railways k given in olhtt 
chapter*, but il is worth remembering that the exploitation of coal was 
fundamental go the evolution of both. CamK in the Midlands and South 
Lancashire, for example, developed os a means of Opening up coalfields, 
Associated with the canal were horsenirawn tramway system* connecting 
individual puheatb with canal binns, In the North East and South Wiles 
tramways or phccwayi netw orked the coalfields. encouraged by the generally 
favourable gradient downhill from colliery tn river or coastal wharf. Late in 
the nineteenth century railway companies such as the Bowo Railway in 
County Durham, the Hull ttamiUy in Yorkshire and. for example, the 
Taff Vale, Rhylimey, Barry and Cardirt railways m South Wales, were 
built primarily to carry coal. As many as four separate railway companies 
Occupied vinnr valleys in South Wain in their anxiety to diare in the carnage 
of coil to ports such as IVnartlu Caxdirf or Biirry% The most dramatic 
remnants of the coal rradc arc to be ttmnd in thr North last where there 
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arc sistl a few of the wlurves, known as 'studies*. by m can* of which coal 
wai flipped from wagon to vessel. The banks of the Tyne, later the Wear, 
4nd eventually such portv as Stfaluxn Harbour, were the shipping points to 
winch the wagon ways led- The smithes originally serves! not only as gang¬ 
ways for loadings but also as storing places for the coal as nunc owners found 
it desirable lo keep j Large part of their stock oil dir smiths, ready for 
immediate shipment, rather than at the pitheadf. j?> diipmasten- did not like 
delaying sailing while >iml! wagon laidb were brought from the colliery. 
The three distinctive features of the coal shipment industry w ere Hie smithes 
themselves, of w hich the best ,ir<, .a Si aham Karbotir (Ky NZ 415495)^ die 
chaldron wagon* which ran on the wigonwayv md die coal drops w hich 
lowered the wagons over the holds at ships so rhat the coal could he di!v- 
ebarged. A number of chaldron wagons acid the last surviving coil drop, 
from Scaham, arc preserved by die North of England Open Air Mtisctuu 
(Fig 17.), More modem ^antics may be wen at Amble {71 /NU a&poLp?) and 
Ulyih (78/NZ }Z%o)> 

The landsrafH: changes w'mught hy 1 he coal indunTrv .ire of an infinitely 
broader wale than the effects of srullicrio and pit ripe alone, and rttagu liable 

regional variations can suit be wen. In Vmh Wales the industry, erj . . 

into die confines of narrow valleys, retailed in long straggling colliery 
villages of terrace homes, rarely more than direr or four rows deep, strung 
out along the valley floors. Row upon row of Welsh dale root’s punctuated 
by tiff noncnnfomim chapels las among railway Imo. many of which are 
now closed. In the North East the mining village was a new and distinct 
nucleated settlcniriii generally fairly compact, well endowed widi public 
houses but with perhaps fewer plates of worship than in Soil!Ji Wales. 
Scotland and the Furness coast northwards rn Whitehaven are noted tor j 
preponderance of single-storey dwellings often rendered or pebble-dashed 
and in variably date-roofed. The colliers of die Black Country or East 
Shropshire, however, where pits were often small. Usually Jived in ^mi- 
rural mrroundmgw their rib-roofed cottages scattered 111 hide groups 
among smallholdings, overgrown wartc <aps and the dwellings of workers 
in other industries, llircly i* it possible to pick out the coa I worker's house 
Irons time of the fouxidryman r iron pmldkr or dtainmakcr. 

The North of England Open Air Museum ha* com pi fie interiors from 
pit men s Cottages which can have changed little m half a century, but the 
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umt cannot be said tor a titer mining ancav Miners* clothing both working 
and bra, is almost unrecorded. Similarly, matedal evidence of the Jiving 
and working conditions of the population of mining area* w surprisingly 
scarce. 

Ilie coal industry, in fact. provides ihr industrial tndMqp with jh 
outstanding challenge. 























6 Iron and Steel 


Ikon and it* alloy stcd j-tc- at rile too! of out mutcml dvlIkatUsm Bridges, 
railways, ship*, motor vehicles, fall buildings machinery* tinned foods* and 
reinforced concrete arc jusr a few aspects of our existence today in which 
iron and ffted play a fundamental role. The evolution of techniques lur 
making iron ami later steel m 411311 my are therefore of overwhelming 
significance in the development of indusrm-hsatiurr From the ii]dusm;i| 
archaeological point of view the remains of the iron and steel ludtiitry 
present certain problems Many early site* are often only physicalJy rdailf- 
fiibk by the waste products left behind, and ina I vsi% of t he sh^s a nd a 
detailed knowledge of the iromvorking process is needed before one c,ui 
gain any indication ol what ongicialty went on. The \ listoriial Metallurgy 
Society h devoting itwrlf tti the early history., not only of iron nuking buff of 
many ntm-fmom tuetil process^ .iIhv The eighteenth century ami the firsi 
pan of the nineteenth, a period in which rapid advances in iron and steel 
making took place, provide ratiter more tn the way of physical evidence 
readily open to interpretation, though remain* from, *ay, the ifcfpos onward*, 
have been to a great extent obliterated by recent advance^ m the industry> hi 
iho respect die icon and steel industry is typical of a number w here evidence 
ot earlier processes is much more complete than that of later. Anyway, age 
is 1 i<it necessarily of special vigtii/icm re in determining the relative ini portal ice 
of sites. 

The three commercially important forms of iron, in order of antiquity, 
arc wrought iron, cast iron and steel. Wrought iron* fur nearly 2,000 year* 
die only font! of the niL'iaf which ivav uied. 1* an almost pure iron* ductile 
and easily shaped in the hot state by hammering or rolling. It is fibrous, has 
a Ingh tensile strength and a resistance to corrosion far superior to the modem 
mild steel which lias replaced it. Small quaiititiei of dag in die iron Contribute 
to these 1 properties and act ai a flux in welding which ran he done when the 
iron is heated to the right temperature, and hammered or squeezed. This 
process is known as fire welding* 

Cast iron, containing 1 much higher proportion of carbon than wrought 
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iron (up to 3-4 per cent), is the product of niching if on ic a comptcucly 
liquid state ami pouring it info mould h, where it iolitUftc*. It hm a crystalline 
structure, nuking it weak in tension but very wrong in rampfewiotr It too 
Li resistant to corrosion. 

Steel has 4. wide variety of iMeftil forms fi^ut is basically an alloy ol iron 
and carbon* bus with Irw carbon ilun east iron and more than wrought iron. 
Mild sTL'L’tj the commonest form* contains not more than about 0*2* per cent 
cjrbon; it is ductile, strong in tension and can be forged, rolled and worked 
in much the tame way as wrought iron. By varying rhr. carbon content 
and subjecting it to Item treatment pfucnici, steel can be hardened and 
tempered to give it additional strength and toughness, The addition o( 
carbon to die outer surface* produces a bard sfon. a process known as case 
hardening. Today there ate hundreds of different Stceh, each designed for 11 
specific purpose and enmaming orlur elements such manganc^, nickel* 
chromium, molybdenum and tungsten, ftese alloy steels include highspeed 
steels, stainless steels anti die Weds. 

Although iron is otic 11C the most abundant elements m nature, it almost 
always occur* in association with oxygen in the form of iron n*nh". There 
arc twq mam types of commercially worked oral m Britain: stratified ores 
Uid down on tnbed* in the Carboniferous jnd Jurassic periods, and Un- 
Hntifiol gee found .0 nodulei. CarbonifcTCms ore* occur m awtuUmm with 
tin; Coni Measures and JTC the day band and black band ores found in 
the Lowland* of Scotland, South Yorkshire, Derbyshire, the West Midland* 
and. South Wales. They -ire nl medium quality with about per cent iron 
Content iiid formed the bam tor the iron btduatry of the eighteenth m<i early 
nineteenth centuries Today mmt of fhr easily accessible Coal Measure iron 
deposit* ire worked out. Jurassic ores occur tn a broad bind stretching from 
the Cleveland Hills in North Yorkshire through Lincolnshire. Uiwmtdurc, 
Northauipionshire and Oxfordshire, where the most import ant quarries are 
today, to the Gmwptds. I hey are of low quality, with ok ten as htile as 
20 per cent of iron content* hut are particularly eaiy to extract- An isolated 
pocket of tidier Jurassic ore in the Weald oi Kean formed the cejuit of the 
medieval item industry, and was important until the sixteenth century when 
working erased, The most important unstriiihrd iron ore is haematite, which 
occurs in the Carboniferous as purple nodule* of high non content (ahum 
50 per cent) and has heal Worked in Cumber land, the Finnic dhirici of 
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Lancashire, Glam organ and the Forest of Dean. 

Evidence of iron ore extraction is very widespread, particularly in North 
Yorkshire, the East Mi. I bin I, and the haematite areas of North West 
England. In the Cleveland Hills ot the North Riding ruining was the normal 
technique, beginning in 183G, teaching a peak output in r#Sj, and declining 
gradually alter World War I to cease complete\y m i-Xm The larger mine, 
at ih.ton («6/NZ j 4 o i H 6 ) wav opened by Bplckow. Vaughan & Company 
ill tHjj to work the Main Vam, and formed the basis tot the initial growth 
of the iron and seed mdiLstrv of Teastde. it dosed in iyag. The Main Seam 
wjs aUts worked from 1X72 at North Skelton fXfi/NZ ^751^4). the tast mine 
to work in Cleveland and, at 720ft to the shaft bottom, the deepest. At 
Boulby (Sti/NZ 7 f OT*i) the Skiimingrovc Company operated a drift iitine 
from iqoj to 1934. erecting for their workers a dianiy town uf corrug.iied- 
iriin houses which become known as ‘The Tin C ity'. The remains of the 
foutnlatiom and floors .ire still visible. In Rusedalc (92/SE 723i>4(<) magnetic 
ironstone front die K itch mgs and Gar butts deposit', tv .is worked from the 
fSjOs until 1 HUs. Up to die opening of the Rosed-dc branch railway m ifirti 
tt early 40.000 tons of ore had been taken from these mines by packhorse ro 
lire railway at Pickering, the last large-scale use in Britain of this form of 
transport. 

In the East Midlands die Jurassic ores arc at relatively shallow depths and 
lus'e generally been tuirknl by opencast methods. The early workings, 
dating from the iftjos, were located close io the outcrops, but as these 
became worked out. steam shovels, introduced in the tnid-i bad 10 be 
used to move tile increased depth of overburden. By igirt dragline excavators 
capable uf stripping 2 jfc of overburden were being used, to be followed 111 
1033 by electrically operated shovels which could handle up ro ys|i, hi toji 
tile jirst British walking dragline capable of removing looir of vivcrbutden 
lVji introduced. Initially, no attempt was nude to reinstate the worked-over 
areas and evidence of the first large-scale workings can still be seen m the 
form of ridges and furrow*, with on amplitude of up to aoft, resulting from 
the dumping of the overburden after the ore had been removed. Today the 
quarry areas arc levelled and the top soil replaced, leaving an open landscape 
ui large fenced tields devoid ot trees and hedges. A steam excavator ii 
preserved in working order bv the North of England Open Air Museum. 
UcAUissh, Coutuv Durlum. 
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Tile: technique ot "ironstone quarrying IiAs altered little over the fl*l full 
century, An aspect which ha* changed, however, is ilic calcining of arc. The 
calcining prcKC*.* removes tlte volatile*! mostly carbon dioxide and water, 
thereby raising the percentage i>1 iron in the ore, Lt was tarried our on the 
t\in>r of eIu - quarry h\ h Liming coal mixed with ore be tore lulling it Sor 
transport to the ironworks Call *ir.is have made tkh process iinccniiomic 
jn recent vc^ts and k is now no longer carried out. The sequence of events 
illustrated in fail shows how ironstone was worked m (he warn. With the 
exception of die dialling *tagc, it can stdJ be ™ a numerous places m the 
L%m Midland*. A dragline excavator travelling parallel to the ironstone lace 
(1 and z) removes tile topsoil and overburden. The overburden is dumped 
opposite tiiL- place from which it is taken on ground from which the iron- 
-untie \m aheadv been removed- Topsoil is replaced and levelled, and die 
land restored to agricultural ii n. Having tripped .1 length os ironstone* [he 
dr.iglInc dmnp* eo.i I si-1 ■: k <n- t111- uewly exposed sudace. A s[cam navvv 
following behind Jig* out the ironstone and deposit! it. with the slack inter- 
mingled, sin lump coal spread ->ut on the ground behind it- The whale heap 
is fired it intervals -«% die excavator advances. Calcination s> complete 111 
about ?l weeks (4), alter which the ore is litres! into railway trucks and taken 
to the ironworks(t). At the end uf the working lace die excavators return to 
the Marling point for jnniher cm and the railway track is moved laterally 
forw ard to the edge 01 the m-w fate. Way ore. which is usually blasted with 
explosive*. 1$ lifted straight from the bed ol the quarry into railway trucks 
or tartiev 

The principle of all conventional iruninaking proaasri invoke* tlit 
removal of the oxygen ft am tin ore by reduction t arbon in the form of 
ciurtoal or coke combine* with (be oxygen of the ore 10 release metallic icon 
and tn modem blast 1 urn aces oil 1* also injected Wrought iron was 

made by heating a mascot iron ore m a charcoal fire It*create a Nprnigy lump 
or bloom which could then be hammered into tool* or weapons. The iron 
was not melted, the hammering or forging process being fundamental m the 
removal of many of the final impurities This direct process was, die only 
way of con verting iron ore into mewl until about die fifteenth century when 
furnace* of sufiioeni tire, using hand of more often Watcr-'fwwered bellows, 
to increase the temperature, could melt the iron tnro a liquid slate. Tin* acw 
iron, or cast iron, sva* probably at first an accidents! by-product resulting 
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fro i m Jic overheating of i bloomcry tunuitc. h could not be shaped by 
kiThincring .and it*. hml, brittle nature meant that there were at first nu 
obvious itses ro which it could be put It wav soon realised, however, that the 
production of cast non could be a shon ait co larger quantities of good 
quality wrought iron, and hi tilts manner the iron smelting industry, baled 
on the charcoal-fuelled blast furnace. came into cxiitenrir. 

The origin of the blast furnace is obscure but ir is generally thought to 
have developed in what is now tielgium before ad UCO, T he blast furnace 
enabled ninth larger quantities of iron to be produced than the old bloomcry, 
is much aa a um in ^br av compared with i few pmmdi previously. Cist iron 
from the blast furnace run as a liquid unu drpress eoiks m a bed ol sand, 
the tuain runner being the sow and, for obvious reasons, the sidle branches 
being called pigs (Rg ty) f Pig iron b Mill made, .iLthougEi now by m-ichinev, 
the M2e of the pig being dttcmmieJ by convenience of handling, By the 
sixteenth century objects such as firebauks, cannon and carman balk were 
beitig cast, bnt cast iron remained of relatively minor importance until the 
early eighteenth century when it was to become die most viral of raW“ 
material* to die civil and met helical engineer. 

The primary object wit soil the production of wrought iron, which w as 
achieved :i two stages in the linen and eh a I cry. During ilic stud ting process 
the pig iron had absorbed a munbci impurities. notably ^ arbon. Jiid p if the 
temperature was high enough, d I icon Die finery was a charcoal-tired hearth, 
simibr to a blacksmith's hearth, in which ihe iron was stir ted at hi^li tem¬ 
perature under j blast ot air Irons bellows The oxygen in the air Wait 
combined first with the dlkon* which wan driven off in the form of SiO* 
and then with the carbon to form CO and CO a . As the iron became purer* 
its melting temperature would rise* resulting in die coagulation of a spongy 
mas* of iron in rbe hearth. This was bamurefed into 4 rectangular block 
weighing about lewt before bring trau^Vrted to the cJutfory. The ehafefy. 
unlike the finery i had no secondary blast of aar and was simply for i cheat mg 
the iron to forging tern pew tore so that it could he fashioned into i shape 
suitable for marketing. The iron was not inched and m change in us 
chemistry occurred- Charcoal was the normal fuel in dur chafcry, but as iron 
absorbed very few impsaririe* when m the solid sute, it was m the chatety 
that the relatively 'dirty' fuel, coah was first adopted. The finery aiui in 
ICICI liar v equipment* of winch the hammer was die most important* was 
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known as a forge. 4 term which iv still idtit today fur any works where iron 
is fashioned. Strictly, the refill originally applied only to the building 
containing dir finery where wrought iron wan manufactured. 

Tile bloomer y furnace, ami the later finery and ehaIcry, aU needed 
hammers, both to beat ihe impurities out of the iron ami to shape it. There 
were water-powered tilt hammers, each consisting of an iron hammer head 
on 4 wooden halt working on to in anvil, i he tail of the haft wn depressed 
by a series of cams on the axle of the waterwheel and. as the head was 
raised, it was pressed against a wooden spring beam which ensured that, 
when the cam released the hammer, it would tall with a considerable and 
consist cut to tee. None of these early ha miners survive m complete form, 
although the Weald & Down land Museum neat Single! un in Sussex 
(ISi/SU 874*10) has a hammer held and wheel shaft. Later, forging ham t nets 
known as helves were introduced lot fashioning ineial and sortie of these 
operated on the same basis j> rite early tilt hammers (fig 1 12), 

The importance of a supply of w ater for working rift hammers applied 
equally to the blast furnace, where bellows had to operate cxiummoiisly for 
weeks at a time. Indeed, water to power the bellows which blew the air mio 
the lumaec was a primary resource of the iron smelting and wrought-irem 
making industries, and an importam (actor m determining the genera] 
location and detailed siting of a furnace or forge. This significance can be 
fully appreciated front the fact that lot every ton ol iron smelted up to 4 rnns 
H>f air were required. Today the pends which supplied the water-powered 
bellows and hammers of early ironworks are often die only tangible evidence 
at their existence, particularly in the South fact, w here die so-called 'hammer 
pntid is a familiar feature (hmJ examples, all in Si Leonard s Purest, Sussex, 
ale l'bwkin& Pond (iSl/TQ i! 7 ^ 9 - 1 - Hjiiitiilt Pond (182/TQ AtQtSSi)) and 
Slaugham Pond (iJafTQ 24S2S1). At each of these bites flic earth dam 
survives intact, now carrying a minor mad, and dir drop necessary to 
provide adequate power and the quantity of water which had to be stored 
to ensure continuity of Operation of the forge are well demonstrated. 

The production of cast iron in blast furnaces expanded considerably 
during the sixteenth and seventeenth centuries, spreading from Sussex to 
the Midlands after l^fit and reaching die Lake Hornet ir 1711. The principle 
on which the blast furnace operated w as relatively simple, although some of 
the chemical changes occurring within it during tin- smelting of a charge of 


CHARCOAL BLAST FURNACE on ore* to show in- 



i 


























IfcOS \ NC Sit HE. 


iron ore ate quite complex and were probably not understood in jny cferaiJ 
until the beginning of the nineteenth century. A is early type of charcoal blast 
furnace U illustrated in Fig ip. In cross section u is shaped rather [ike a 
chimney with a narrow top eo the stack widening gradually to die top of the 
bodies, The walU then dope inwards and become vertical in the hearth 
There were mimettiitf Variations in this shape but the bask arrangement has 
been mnmaiucd down ro today and mil applies to modern steel-cased 
iurnaccs. Hie example illustrated lut a square iusiJ l 1 section to tile tuck; b\ 
thr end of the seventeenth century blast furnace* were almost invariably 
circular in working section although scill maintaining 4 rectangular outer 
shell * 

The blast furnace operated continuously with iron ere ami charcoal 
charged in ai the top arid gradually descending through ihc stack. \n the 
upper part water anti other va la Liles such as carbon dioxide would be driven 
B® and in the lower section the ore was reduced to metallic iron. The increa.se 
in diameter of the suck from top w bottom lessened die tendency for the 
charge to nick. At the top nf the bodies the earthy impurities in the ore 
I used to form a slag and mo ken slag and iron were funnel led down into the 
h earth s where the denser metal lay at the bo £ tom with tine slag floating on 
cop of it. 

At the same time water-powered bellow* blew air into die hearth through 
che tuyere (pronounced Weer) and this reacted with the charcoal co give 
carbon dioxide ami heat and the c.irbcm monoxide which reduced die ore 
by combination with the oxygen in it. A* the iron trickled through this 
hottest part of the furnace around the tuyere, it would dissolve carbon out 
of the unbumr charcoal k which accounted for the high carbon content of 
t fie res ill ting cau cron. Ac intervals the slag was drawn off through the 
dag notdi ai tme side of the fore arch, and when uidkimt iron had 
accumulated in the bottom of the hearth, the day plug 411 the rap hole was 
broken and chc molten iron flowed ouc down .1 channel to the pig bed. 
During the sixteenth and scv'cutccncb centuries mbit of the iron was run 
into pigs for eventual conversion turn wrought cron, but if objects >udi a* 
cannon were required, they were cast direct from the blast furnace. The 
direct technique of casting remained common until die latter pari of the 
eighteenth century. 

A typical ■kite for one of these early furnace* would be Oft 4 flirh sleep 
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dope so that an access bridge or ramp, the 'bank' could easily be built from 
the hillside in sbe top of the uaek for charging, Tlu dde of an exiting 
watciroutst was particularly suitable. At die foot of the dupe there had to be 
ample space for the pig bed, winch was often covered by a casting shed and 
the bellows, which might be 2 Q~ 2 <j t tong and 5ft wide Jt their outer ends. 
Other buildings associated with such a bl-ut furnace were the charcoal 
vtare* which was usually a Urge barn-hke building, and often an iron ore 
store, A particularly good example of an etphtecntli-century charcoal 
blast furnace where many of die ancillary buildings still survive. although 
in ruin?., is at Duddon Bridge m the I Ac District (tffc/Sl * 19^84), E he fumat c 
wn begun in ij$6 and finally abanduried in tHU - ?, Numerous other furnaces 
can be Traced m die tame area, including one .at New bud (S8/5D 29971;; ft) 
where the curing shed survives complete, and another on Leighton Bede* 
4ou(h-ta*t of Antiide (dy/SD 43577 *) where, alllimigh ihe furnace itself 
has disappeared, a large bam that was almost certainly the charcoal store can 
itil] b* seen. At CharlcoEtc in Shropshire (129/SO 6}S£fji) is a well preserved 
blast furnace wuh an almost complete lining and cast-iron bratin Over the fore 
arch and tuyere arch supporting the stack. There m- no ancillary buildings 
surviving on the site. Another good example, preserved by the Department 
of the Environment is at tkuuwe in Argyllshire f 51/NN i j 47-70), 

Chare od was u^d exclusively u the foci in all early blast fumam, and 
this led to huge areas of the country being almost completely denuded 
of trees. Some furnaces consumed the wood from over iso acres of forest 
in a year, with the result that the nation's timber rcsemttis, partiatlariy 
in the South-East where there wen* die competing strategic needs of the 
Royal Navy, became seriously depleted. Before the end of die sixteenth 
century legislation was iniroduced to control the consumption of woodland 
and so, as die Wed den industry gradually died!, m_m miners were driven to 
more remote sites m the border country of the River Severn, m Wales 
itself, the L>ke District and St inland, always seeking the vital combination 
oi iron on.% svoud for hie I -md w ater t or power. 

What was to prove one of the major technological breakthroughs nf rim 
early Industrial Revolution occurred m the lust decade of the eighteenth 
century with rite perfection of a technique for smelting iron uwng coke as a 
fuel instead of tile traditional charcoal. There had nlreads* been numerous 
attempts 10 use coal* of which the unsuccessful efforts of 4 DuA Dudley 
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-ire the iiiort-c notorious. but in none of these experiment 
was the tundimcntut problem of coma m mar jots of the iron by impurities 
in the coal overcome. The coke smelting prom* was developed in CojI^ 
brookdjk^liropshire, in 1709 by the Quaker, Abraham Darby {1^7-1717}, 
who had recently come from Bristol to lake over an existing charcoal 
bJjvt furnace set up a hour rrijS, The geological circumstance* winch led 
to Darfay's success art significant and undoubtedly contributed greatly to 
the citablishiucftt at: Coal brook dak as 4 major ttlitre of ironfotnulmg 
technology by the second half of the righutmh century, fhc key lay m the 
local clod' coaJ t which, j I though not j coking coal in the modem 'sense 
of the term* was ideal tor iron smelting. The process of coke manufacture 
was ewe tin j Ik- sitndur to that of charcoal burning in that Coal was burnt J in 
tunditmiw starved of oxygen in low mound* of clamp*, thus driving off 
the volatile components. The clod coal ol Shropshire n of relatively low 
rank, with a carbon content of 7®-^ per cem. and 'will not 'coke' like normal 
good quality coking coal. Jt can, however, be mccci-iully coked in large 
lumps and. of particular importance for iron smdting, 11 has an extremely 
Il us suIphur content Thus clod t:uj 1 prs>dneed a coke closer in 1 ts rescn 1 blaisee 
to charcoal than almost any other coal 111 Tin ruin. Jt was in deed a fortunate 
coincidence that Darby should come to a place where an eminently suitable 
fuel occurred in clow proximity to good quality clay Inn id ironstones from 
the Coal Measures, A is additional, although less signs h cam factor was die 
availability of limestone, which waj essential to die coke mi citing prtscesi 4* a 
fluxing agent- U it likely that limestone wav added to the blast furnace 
charge as earl) a* the sixteenth century, and certainly by the beginning of 
the eighteenth the technique was wet! known. The object of the dux w as 
to assimilate the various impurities in the iron ore, which could then be 
easily run ofl as d.ig 

Darby* technique svjs of immediate benefit to him, as the maior output 
ham bis Goalbruokdatr furnace consisted of cast-iron domestic products 
fattier than pig iron for conversion 10 wvrouglit-iroii. fhcre were initial 
titificiiltirv however. in using coke-mudled iron for rhiv purpose, and rhe 
new smelting technique did nor become widespread until the 17C1OS. Ky 
That rime Coatbrookdale was thriving, ussng cokwinehcd iron and also 
developments of foundry tcduntjuc* patented by Abraham JWhy in 1707 
The [mL ei li for ‘easting tmn-MIied thus and other iron-bellied Ware in 
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Sand only without Loam or Clay* lonttin* no technical detail* bm 11 (nay 
be assumed that Darby li.nl devised whu tv bareally the modem method of 
dry-sand moulding in conjunction with mulq-parr moulding boxes. 
The bellied fot* for which Darby obtained .1 patent weir three-legged 
cauldrons with j maximum diameter in tin 1 middle, and lilt's were to become 
atypical early product of the CoalbrookdaJc Company whidi he formed. 

By the second ball ot the eighteenth century CoalhrmiktiahTiroiifouudiug 
expertise was w idely known. As early as die 1720s Coalbrookdale had been 
casting cylinders lot Newcomen steam engines tn tron instead of live 
traditional beam. The first iron rails were cast there in 1707 and .it the end of 
the following decade tlu r components tor the first iron bridge, tile" first toil 
engineering work tn the world in which cast iron, or indeed iron ofanv type, 
played j iLrucmraJ role. By the end of the dgliu tilth century ca>r iron wi* 
accepted is the major raw marcri.il of die civil ami mechamc.il engineer, 
to be used for steam engines, the columns ami beams of mills and warehouses, 
tramway plates, bridge? and aqueduct* and ntinuuerjbie smaller machinery 
components. Coke-fuelled blast furnace* were being built by the dozen, 
and in arras where the iron industry itnl hitherto been 11 n 11-existent Indeed 
the distribution of the iron industry was essentially a reflection of that re¬ 
markable geological coincidence which contributed so much to the Industrial 
Revolution in Unuin aud the nation s industrial supremacy in the succeeding 
century — the occurrence in the value writs uf measure*, and often very neat 
the surface, of ironstone and coal admirably suited to the available technical 
processes of coke manufacture and iron smelting. Ccial of du- chnl type 
occurred m South Staffordshire in the lainnm ’Ten Yard seam, in Wove 
and Smith York dun-, and in Smith Wales, where a denser and less reactive 
coke resulted in bhu furnace* being generally ullcr than elsewhere. North 
Wales, Derbyshire and to a lesser exit lit Scotland also developed coke-based 
mm smelting, aldiuugb ui Scotland tile Tplint’ trtds gave a roller low er yield 
coke and the great expansion of the iron industry there had to await further 
technological developments after tSso, 

In 17*0 there were perhaps ten blast furnace* using coke throughout 
Britain at siics including Cumberland and South Walev and the famous 
Canon foundry in Stirlingshire. Fourteen metre were erected in the 176^ 
and early 1770s. bur the greatest increase cook place from 1775 onwards. 
By 1 yyt) only twenty-five charcoal blast furnaces were still j n operation 
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compared with dghiy-ciHv working un coke, uf which thirty-five wer c 
in the MidJaniK (twenty-faur in Shropshire ;md eleven in SrjrtardsJnrc) 

I he best mults tram cuke sine]ring were not obtained until i stronger blast 
could he developed than that provided by the old watcr-powencd bellows 
In 1757 Kmc Wilkinson introduced east-iron bos btfluws, to be followed 
m t7^ hy John Sindian'* invention of the cuWron blowing cylinder, 
which was basically x piston moving in a large dnuncEer cylinder to provide 
bkbt. Both these devices were water-powered, however; it wji noi mini 
ilie introduction by James Watt in t775 of a strain blowing engine at |ohn 
Wiltimon’s \% i]Icy furnaces m Shropshire that the coke blast furnace 
became really efficient and. for the first time, was freed from its stream or 
Hvefsade site. 

Evidence o l thift vita! period in the development nfdrptimaking is readily 
visible in the Coalbrookdale area of Shropshire (I'hte 22). In the Dale itself 
ihz now modified furnace in whji:h Darby first smelted iron using coke 
■o j. fuel (11 y.'Sj 667047) U preserved h> she Iron bridge C Jorge Museum 
Iru'T. oid nearby is u ttnall museum of rrcmfounding illustrating the 
evolution of the raw-iron industry after 1709 and displaying examples of 
the Coalbrookdalr Company's product*. I lie furnace itself (I 1 hue 21}, \\ bidi 
it one of Britan A primary induwn.il muimnHiUs, has cast-iron lie-aiiLv 
supporting the tore arch* of which the lower two are (torn the original 
charcoal blast furnace. one being dated ifijE. The two upper beams date 
from T 777 and wetc added by Abraham Darby IB (i*jo-i;ij, probably 
to increase the capacity of the hmiare sufficiently 10 cast the ribs of the 
Iron Bridge. Lower down the valley of the Severn ax Iron bridge are the 
Bedlam furnaces (119/SJ 677034), which have recently been restored. 
TJirse I urn arcs date from 1757 and wetr some of the first to be built 
specifically for coke smelting. Originally there were two furnaces side by 
«de f with bellow* powered by watersvheds in wheclpin behind. Water 
supply wa* extremely pwi. however, and a ueom engine svos employed to 
lift water from the nearby river to run the wheels. In every other respect 
the Bedlam furnaces were a mode! of efficient layout, with tramways 
running down-dope to the charging platform to feed in iron ore. coke 
ati J limestone and a pig bed stretching almost to the bank* of the Severn, 
where there was a wharf" against w hich elk: Severn trow* (sailing bar^ev) 
Could tie up. Like the Coal brookd ale Company, Bedlam was dependent 
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on water transport as a meant of getting its iron—in this ease good quality 
to undry iron—away to marker. 

At some tine after tlicit (-(instruction the Bedlam furnaces were modiiied 
ro use a Steam blowing engine, and today evidence ol‘this can be (ecu in tile 
form of the three tuyere irdies, cadi of which still contains in cast-iron 
tuyere pipe. Air w*s con due ted from the engine via the blast main, part of 
which remains at the back of tin- furnace, ro the tuyeres by iron pipe. 
Although no tangible evidence of the engine can now be seen, two miir- 
teenrh-century blowing engines arc preserved bv the Trust at the Hints 
Hill Open Air Museum about } mile downstream from Bcdhin (119/Sj 
One consists of .1 pair of beam engines (Plate zj) driving a common 

ttnln raft and fly is lied, him "’i ,lv - David and .vjj up ?.)*.■ {m I these eng ine* 
Were built in I St I by Murdock, Aitlten of Glasgow for the UlledulJ Com¬ 
pany of Oaken gate*. Shropshire- 1 hey worked mini the H>50s and were 
eventually saved from destruction and rc-ereeted at 1!lists Hill, Also at die 
Hfists Hill museum are the remains of three mid-nineteenth century blast 
iutiMcti, wills the lumvcs that originally field tsvo steam blowing engines 
(Plate 3j). A vertical blowing engine, one of the last generation of recipro¬ 
cating steam blowing engines to be built before die imrcKiuctioti of modem 
eleeirie turboblowers, has Ikch reinstalled 111 one of these houses. 

By the time these blowing nig me* were in use another major development 
*n blast furnace Technology had occurred, although, largely as a remit of 
prejudice. superstition jnJ old habits dying hard, it took a tuintber of years 
to become universally accepted. All blast furnace* until the 1 Aicx. had depended 
on atmospheric air blown through mverts by water-powered bellows 
or steam blowing engines. In iKzH, buss ever, James Neilson (lypa-rKfij) 
01 Glasgow patented the tedmis]ue of prrlirating the blast air using stoves 
svith coal gram, si Inch sverr installed anil operand successfully on. a furnace 
at the city tic Iron work* m the early mos. They raised thr air icnipcrature 
substantially, achieving m due course a saving of 30 per cent in furnace fuel. 
In 1*57 ibe pi.uiw was fujther developed by E. A. Cowper, who applied 
Hicccsstully the regenetattve principle used today In the Cowpcr stove air 
on its way to (he blast t urn ace is blown through and heated by checker- 
work columns of firebricks which have previously been heated by the 
* amluistiun of waste gisc> from the same blast furnace. Using two or more 
stoves, heat is generated in one while air is blown through mother. Alter- 













zg Vnticil bhst-Emucc 
blowing mpc, pTCtfnfd 
■it the lllim ] [ill Open An 
Museum, Iron bridge, Shrop¬ 
shire 



rraritm ofthr Hsnv .mures 4 constant supply of Hot air tor the blast, which 
reaches .1 inodctti former st about ! t o-<? C. Cmvpcr itoves, introduced 
lor the tirsi tune je Omic&bv neat Middlesbrough in i960: arc still used 
today, and their cylindrical fafim with convex top-; are a typical feature of 
most modem ironworks 

The application of hot blast, which was perhaps the greatest single 
improvement: made to the technology of the blast furnace, resulted in a 
great increase in iron output .uni efficiency of fuel uffifkariatL It also meant 
that with the much higher temperatures involved:, certain types of raw coal 


Steam chesu cf the dnuMe-'bcam blast futrucc blowing engines D*r id and 
Smpum 1 r, preserved jt the Bbtt HtU Open Air Museum, Iron bridge Shropiinre: 
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codti Ik used instead of coke, and notably the blackball d ironstones of 
Scotland with their splint cods. In South Wales, too, anthracite imng was 
0^ extensively after iS J7 . when George Crane introduced the process 
41 Ynytocdwiiu On-sits- evidence of cold and lu>t blast furnace practice 1* 
usually easy to find. Cold blast slag it of a glassy nature, kit a conchoidal 
(shell-liltf) fracture. « usually blue and green, and it hard and valuable at 
hardcore or road metal. Hot blast slag on the other hand it a dull whitish 
grey and duly, with a tendency to dake down to a fine mud when wet, 
although today it is also used extensively for aggregate and railway ballast. 
The coke smelting technique developed by Darby was acceptable when a 
pertect com hie j 1 ion or raw materials was used, bm their wore distinct 
disadvantages when this was not the case. With a few exceptions, coke 
iuntace pig when OOttverted mm itvewjAr iron produced metal *0 brittle 
that it crumbled under the hammer Much tati iron produced by coke 
furnaces also bd a low strength, with a pmnetmwd tendency to crack. 
Hie reason was that coke contained more impurities than tlurcoal, the 
quantity of ash was highet and sulphur and phmphorm were often present. 
In Britain rhe presence ol plraaphoms was a particular disadvantage, as 
many of the iron ore deposit* w hich were bang worked in tbc eighteenth 
camiry were t|iemwlv« dm phosphoric In addition, not dj die cod being 
med for coking had the same sulphur-free tharaetenittes of the clod coal of 
Coalbrookdalc. 

The answer to the problem of poor quality east iron was the rcmeltinv 
furnace in which «k M t»dted pig could, in effec t, be refined, thus improving 
its purity and homogeneity Tl»e first re null mg furnace developed in Britain 
■n the early eighteenth century were of the reverberatory type m which the 
non did not come into direct co.itaci with .he fuel, w hich was usually cod 
The mine 'cupola was given to ihcse firman wind, were similar in general 
arrange,nenr m puddling furnaces {see % 20). The modem cupola, winch 
became the standard means of re.,telling iron, was devised ,n the , 79 q s 
by John Wilkinson [i 7 ^,«oSj , Iul assisted of a vertical shaft rather like 
a mote bU.e furnace It was used for melting iron, not lot smelting, 
and in its smallest tottn often consisted of a barrel perhaps jfr in diameter 
and .oft high made ot cast-iron staves held together with wrought-iron 
hoops. It was lined with tefiactory bricks or cement and fired with coke 
A very early example, po«ibl> dating fom die lKaajf k u . d ^ 
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IRON PUDDLING FURNACE cut o™ to show 1WE ™ 
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Figaa 


IHi^u Hill Q[>cn Alt Museum. 

A targe laic ninerccnrh-century cupola furnace is shown in Fplx 21. Tt has a 
jhell oi rolled steel phics and a firebrick lining, Hid sv similar in mast respect* 
10 £ hc modem cupola that 1* vndi a typical fVamrt of foundry area* like die 
BJ.ick Country. Broken pig iron, stop cast iron and coke were fed in ar the 
charging levdh and molten iron drawn otF m unalt quantities at the tap 
hole as required. The iron would he either run down channel* 11* moulds 
in a sand bed or caught in hand ladles and taken direct to the moulds. Although 
direct casting from the blast furnace columned for certain applications 
the cupula j I most completely replaced this technique by the end of die 
nineteenth century. Initially blast was provided by water-powered or even 
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CUPOLA FURNACE CUT WEN TO SHOW IhifERlQP 



Figai 

lunil bdk)W\ t but tinw cli.vtric blower ure empbyciJ 

Tilt other d.ffimliv of making wfafctory ^jf^lroa with cnkfrwnelfcJ 
P t K «finally solved in the itfov Experiments w fo teverWcwy iatxaat 
usmp cod i> a iuel were bring laddered in Codbwoltddc tn tb, 
bp the brothers Thomas ami Uorp. Cranage, who t,x>k out a ™ Itnl f nr 
‘making p, K at ci« iron malJeable^m a rrve,fanny or BTr farmer 
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\i Ktli raw pit coal only' in i7fW>. For reasons unknown, tins process and 3 
similar one patented tit 17*3 bv Peter Oniony were isnt brought into com- 
itirnciaJ use, FinaJ success was achieved by Henry Gfcrt (1740-1^00) of 
Fiunlcy, Hampshire, who patented a workable puddling furnace m 1784. 
Core's process consisted essentially of stirring molten iron on the bed 
of a reverberatory furnicc until, through the dccirburhing action (removal 
ui dit carbon content) at the ait which circulated through the furnace, the 
pig Itttfjmr converted into malleable iron In this proofs contact between 
the molten mural and the raw coal which u .u used as a fuel w av avoided and 
blowing math i ncr y could be dispensed wills. An important contributory 
I actor to Gut s success, finv. ever, ww his use c! grooves I rolls winch he 
included in his patents despite their previous use. The combination of the 
puddling furnace ami the use of grooved rolls lo produce iron bar led to ah 
i mmed i a te and spectacular increase 111 the output of wrought iron and pro¬ 
vided an additional stimulus to the changeover from charcoal ro coke snicking 
ot iron ore. Watercourses and stag eon still be found at Corrs Fa in 1 fry $j re 
(1B0/SU 55008a) but no buildings or equipment survive. 

1 litre w a v. however, one major shortcoming of Curt'»puddling process: 
ii w*i wasteful of tron t winch tended to combine wtih the sand door of 
the furnace to fonts .1 useless siliceous sLg. An instill improvement wa* 
effected In SamueJ Rogers of Nantyglu, Mon 11 tout Inhire, who in iSp* 
Mibsnimeil cwHtoti plate and iron oxides for the vand bottom, bur rhe 
real break through came about i«S?o m ihe result of the ‘pig boiling" process 
developed by Joseph Hall (1789^1 Util) of Tipton* Staffprddiire Hall iwcd .1 
WE-imn tray tot file bottom of the fumace K in which 'fettling' of oxidised 
Compounds of iron such 05 cinder or mill scale was bid. The pig killing 
process consisted of rln- decaf binmtinn ol the pig iron by contact wish die 
mdten oxidised compounds. These combined with the carbon m the pig to 
hirm carbon monoxide, tvluch burst to die surface of the- iron—hence the 
term boiling—where it burnt w idi blue dimes known as ‘paddlm* candles', 

E Tul s process because die iron wav uudieit, became known as 'wet puddling, 
ui contrast to '.In' puddling, which was done on ami buttons The wee 
puj 1 Jung proems became univcnaL to the complete exclusion of Out j 
and is rhe erne practised today in the only works now producing wrought 
iron m JJeemiu, Messrs Thomsit Walmdcy & Sun «T Atbi Ftirge, Holron, 
laiicashire (toj/SO ytjoM)- 
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Fig 20 shows J typical nineteenth century wet puddling furnace of the 
type soil used, although today oil instead of coal is die foci Flames from the 
fireplace on the lef t went drawn across the boul of broken pig iron ami up 
the due. An initial period of rucking tools place in which most of the ’silicon, 
manganese and some of (he pliaiplionii in the pig orulised atid passed into 
the cinder fettling, The damper in the due was then partially doted to 
smother' the furnace while the remainder of the silicon and manganese 
and most of the phosphorus went into the slug. At this stage boiling' began 
with the carbon combining with oxygen and burning at the surface as 
puddlets’ caudles. Throughout this stage the ptnldlcr stirred the iron with a 
rabble until all the carbon had burnt off and the remaining pilotphoftit 
was removed. The iron was ly tiuw almost pure and. at its melting pnuu 
rose, it coagulated to be gathered into lour or five spongy balls and removed 
on a ball bogie to a hammer, svhere the liquid slag in die interstices would he 
hammered out and a roughly rectangular lump or bloom suitable for rolling 
would be formed. Hammering, ur shingling as it was called, was initially 
carried out under a water-powered hammer or helve, pf which there were 
three basic types (ftg ii) k all of which were operated by cams on a water¬ 
wheel shaft. The type normally used for shingling w « the nmc or frontal 
hdve. With a head of *-» tons in Weight. At otic end was the fulcrum and 
at the other the earns. Frequently these t»osc helves were sream-powered. 
but after the introduction or the steam luiumer in iffjo by fames Nasmyth 
(1808-90) they were gradually superseded and are now extinct, The other 
types of helve, used primarily for forging, will be considered liter. 

Once hammered Into a rough bloom, the iron was ready for rolling, 
initially into * puddled bar or 'muck bar', and subsequently tmo smaller 
sections. Both the hammering and foiling ptoccwcs were essential to 
improving die quality of the non, which was sold according to the number 
ot timesKhaJ been rolled Thus muck bar, cue up. tracked in a pile, reheated 
in a mil] furnace and re-rolled would become crown or merchant bar. The 
same process applied again produced fen iron. , further working resulted 
m Beer Brit or BB iron, and yet auodter rolling made the highest grade of 
ill—Bril Ba1! tksi nr BBB iron 

Ihin foiling had it* origin in Urnam ,n rhr slitting mills of the sixteenth 
and seventeenth century, winch produced .ton rod by ammg hammered 
plate ram. chin strips Froth these developed the graved rolls of the type 
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ROLLING MILL TYPES 


Two-high 



Two-high reversing 


1 2 


t 



Three-high 



Continuous 



fig *3 


patented by Con in 1784, which produced iron in found or suture section, 
depending on lire shape of the grooves. fig 23 illustrates the various types of 
roil, of which the two-high mill was common until the beginning of lire 
nineteenth century. The problem with .1 two-high null, particularly lor 
tliin section iron. wa* that, having passed through the rolls in ntwr direction, 
it had to be returned to die beginning—the dead before tt could go 

rhrough the rolls again, during winch tunc it was cominuuudv fooling. 
The answer was the three-high mill, m which a third full, the same vi/ c j, 
ihe other two was mutinied above them Tims a live pass could be made in 
cadi direction, the iron going .nit between tin- lower and rmddl. rolls and 
returning between the middle and upper ones, work being dom in bolh 
directions. Thieoliigh in tils are thought tu have been ini rod need into 
’Staffordshire before ifiao, bill they were not widespread unril the iHrios 
Also in the 1860s George tk-dwin of Manchester developed the con in iuo us 
rolling mill (Fig 23) consisting of a number of two-btgh stands [.laced sm , ; 
behind die other. The reversing mill, m which the Inu metal wai parsed 
backwards and forwards (Fig 23, stages i and a), was introduced first n 
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Crewe locomotive works in ifiriti. A very old* probably cighteentiKcntniy, 
two-high mill for making small see item rounds can be seen at Won fey 
Top Forge (102/SK 2949y&) between Dccpcar Mid ThurgoUnJ near Sheffield, 
while tilist! Hill Open Ait Museum lias a set of three-high mils. 

Brfore leaving the iron manufacturing industry it is worthwhile 
considering further some of the secondary iron working processes so closely 
tied up with it. In both the manufacture of cast iron and wrought iron, 
uintinuarioril of the iron nuking process led through to die tnanuf a r mrt of 
finished articles. In the former cjsc iron coatings were initially made direct 
(tom the blast furnace and bier by melting pig or scrap in a cupola furnace, 
IIilu die foundry industry became separated from the smelting process 
and is now widely distributed throughout thr toninrrv, Similarly with the 
wTOUgitfHmn industry rolled tar or rod c( the appropriate quality was iJil 
usual end product of a puddling works. Numerous industries, Wwrra 1 , used 
wrought iron as a raw material, tome of them employing similar equipment 
to that found in the ironworks themselves. These arc worth re mss doing 
litre. 

An example h Top Forge at Wcrtley [lOi/SK 294998). already mentioned, 
A It bong] 1 parts of die tuniving buildings may date from the seventeenth 
century, must of the machinery is nineteenth century, the period of the torge s 
greatest prosperity, when wrought-iron railway axles were made there. 
The oldest hammer, or helve, it tirarest to the w all of the dam which once 
supplied die water power for it* operation. The helve itself is ai wrought 
iron (Hate 26) but originally it would have bean of timber strengthened 
with iron hoops. It i> of the belly helve type (Fig 22) with the cam* an die 
Juft lifting the hammer between the fulcrum and the head. Wagon axles 
were made from frggtm of iriin sepiat* iron bars heated to weldmg tempera¬ 
ture and forged to >hapc under the hanimen. A rolling null was muallod 
in the 17*0* and iron puddling may have been earned out dightly later. 
Alt work ceased in 1012 The forge, which is being restored by the Sheffield 
Trades Historical Society is open to the public each Sunday (Pines 26 
and 27), 

Another preserved sue where iron products were made is Finch Foundry 
a 1 Stick lepath (175/5X near Qkchampton in Devon, Here from 

t8U until lyto agricultural tool* such as scythes, biHiioob and sjioVds 
were nude by successive generations of the Finch family. The machinery. 




iri Wunlry l op Forge, Yorkshire. Watcr-pmvcml helve hammers 


mmt wiud l 14 'n P^CC. was powered by ihc River Taw and include* 
4 paw of ham mm of rite tail helve type ffhg 3i ), A second waterwheel 
Jkjvc a tim to provide air to the various forg®, wfttff 4 third powered 
grinding wheel* where the tool* were sharpened. Hie foundiy it being 
restored by die Finch Foundry Tnm and much of rhe equipment can be 
seen in upvmiim. 

The availability of wrought iron in quantity from the end of the eighteenth 
century was almost as fundamental in in effects a, that of can iron produced 
by colic smelting j century carlict The reputation of South Staffordshire 
bar. for example, became well established in the early year* of the nineteenth 
century when Captain, later Sir. Samuel Brown (1776-^53} persuaded 
the Koval Navy to use iron chain instead of bulky hemp anchor cable. In 
1813 lie made .1 nsttog machine to measure the treating stress of the iron 
and <d the cable made from it. Today the remnants of the numerous chain 
shojn huger on in the Cradley Heath area near Dudley where one or two 
works, such as diose of Noah Bloomer (1,}i/ 5 J 9 i yUz) still lummer-weld 
cliiim luiki fiy hand. A reconstructed chain forge can bt teea at ,], c 

I7O 
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27 WoTtley Top Forge. Eighteenth-century iron milt 

Avaticrafr Museum Buildings Stoke Prior, near Bromsgtovr (f^i/SO 
950684) Dudley Museum also has an cliver', the almost universally applied 
loi)t-»pecjtfd hammer used in wt ought-won torga o! the Black Country. 

Samuel Browu developed further liiis intetests in wrought iron, winch Itc 
Used for the chains of the Union Bridge near Berwick (£>4'Ml 034*10), 
and soon Telford was also us mi.; chains for Ins great suspension bridge at 
Men.11 So great was the iiicrvawd efficiency of production and volume of 
use of Wrought iron in the early years 0! die nineteenth century that it 
dropped in price by 60 per cent between 1S06 and From tlw mid- 
T840s rolled iron rails for the new steam railways were introduced. By the 
1840s Brunei w as using wrought-iron plate for his Great Ari/mri steamship, 
and Stephenson was using wrought iron tor the Britannia mb 11 tar bridge, 
the first of a whole generation of large wrought-iron railway bridges. 
About the same tune the first wrought-imn girder were being fabricated 
from rolled fiats, tecs and angles riveted together, and these were making 
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tLcJr iippcuniue in large buildings In the Ule (Kyo. A surviving etumplr 
l> in the Sheemew boat stoic of iS^S (173/TQ 919753). At a construct Him I 
tmiet™!. wrought imn reigned supreme dawn to tile end uf the nineteenth 
century, ilrnati completely ousting cist iron It nji n^h mkin to be Mtper- 
^Jcd r however, by led, which Utfntnc Available in quatimy toward dyr 
«ul oi tiicccttUtry ^nd is minimi umvcrvdly used today. 

St«l priwewo a catbun content ranging from 01 to 1-7 per cent- depending 
upon in Wiom applications, winch initially were all related (o m ability 
10 liiff met keep a sharpened edge. Tlicse qualities were recognised front 
early etnres and it was nude in very mull quantities for such purposes as 
edging sword* mil tipping arrowhead* Tire first processes consist*.! of 
hearing pure wrought iron m contact with charcoal so that it would abscrh 
carbon Subsequently numerous but not very ittcecufid att em p ts were 
made (o manufacture steel direct from non ore. In t7t.1i. fax cxatiqile. 
Sa.rni.icl Lucas heated * mixture ..('mm ..ream! rrJ trerng material such as 
cJuiwjI. pijtvdrfvJ bone or tow horn in a sealed crucible with the in-. 
u tiii” 11 . ' producing steel. A similar process was devised In I8t» by David 
Mtidiei jf;i! another by John Hawkins s> fare as iHjft 

I be first return ably successful 11 unis of producing .mulling inofe than the 
mm Hirst quantities ofsted was in the cement alum ftmtacc in trod weed early 
in the icvouwodi century. probably from continental Europe. Die process 
consisted 01 eat burning wrought iron by waling it in fireclay puts uiih 1 
carbon-rich mixture, largely of charcoal, and heating it iri a ctxtl-fired 
reverberatory cementation furnace. Hie main improvement over earlier 
technique* wa tku die poo were scaled, thus ensuring good carbiiroanan. 
Tlir reuiirntg steel, known as bltstet steef because of its surface appearance, 
was g-htr.illy ol ruber poor and mconuKcor quality and faded uniformity 
oftMnposiUo.1 tli rough a section of the bar. A better quality was achieved 
by binding I number of ban into a ‘faggot’, hating and then forging 3n d 
welding 10 give 'drear sled". If tire pt.- vs wa> related, an even Iretter 
douhlc d,car' tterl was produced Alter t 6Si high quality Swedish iron 
was imported 10 Britain far ronvmion to wxl. and cementation faraaec* 
became cfla bird red around Newcastle- the tmun centre of importation Ir 
1* ia tire North East that one of the few surviving cementation furnaces 
can be wn-the Detwentcotc furnace (Plate IK) noftWew of Hamnettcy 
(7*/NZ ijiytij), built in the earfy eighteenth century and used until iRfci, 


An ctfchsccinb<ciTnifv f 
ifcrcl CcrncnraiKNi lanwe mi 
Dcrwcntcote, near f-himicr- 
\c\\ 03 l>Urium 



It Li possible tli.it the et Em-rimion proccw \\~x\ brought Aottt llw North 
E^r io the Sheffield Afea 1 where tn about 174* Bcaj&mifl Himmuari ( 1704 * 
76^ j docktrukcr from Poncasier* improved upon n with the crodfeV' 
uchruLfiie in order ta.achieve 3 more uniform *kcJ forspnn^i and pendulum*, 
Alter m-iiiy failures lu l finally found j method by winch tied could be 
produced in 4 molten i4;m H mdtni h;i j ol blmcr -ii 1 md 4iibv-L|mnil> 
iron ind even scrap, with the addition of fluxes in du*cd clay ttutible*: rhr 
insttsc beat liDcct^iry wm gemmicd by coke Two crucible* wen: plated in 4 
dumber l ined with firebrick, jfiJ the top ot the furnace wji closed by 4 
covet of the vJiuc uMErml, which v_l* lud with i]sc floor of ilic mftMng 
liptrur A 1 milled cellar gave accew to rite Ai pn. Hitm*rmn'i proteu wj* 



tg Cnidble steel furnace, 
AbbcytiaJc, Sheffield 


fir superior To tllose previously used and produced a uniform sbig-frec 
sTcfl. In addition costs were reduced md output substantial J y iiien-.iscJ. 

Cuitiblc steel was nude jt Abbcydalc, near Sheffield, well into ihe 
present ctniuty (iii.’SK thrift 20) on .1 site now main rained by SheJSdd 
Ciiv Museums (Plate 29). Here u is possible 10 trace tile minuticture ofexcel 
edge tools from the raw materials to the tin t« lied product. The crucibles m 
which the tt«l was produced were made here and the Workshop where the 
day was kneaded wiih bate feet before being made mm * (sots', 4, they w«e 
cal ini. is mil extant. The high quality steel was made from a charge of inux 
and scrap, and sometime* steel scrap or blister steel, which was heated in 
die pot for about <)ir before die carbon was added, The pot was then hired 
from the furnace (Plate to) ami. after any dag had been skimmed off. du- 
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to Crucible ^cfl hinucci, Nursery Street, Sheffield 


Hu id metal was teemed bato moulds and allowed to ooof to .i red heat 
before removal, When told, the quality of the ingot waitested before being 
ridiculed and forged At Abbey dale the reheating hearth h rrn water^powered 
blowing cylinders .itilI hammers under which the steel was sandwiched 
between outside layers oJ wrought iron. Thus gtc.it crnsgtli .smi reliability 
wai given to the central cutting edge. There arc various hand forges once 
used by craftsmen to temper and straighten the blades and also to manufacture 
other articles from bar steel made under the hammers. The grinding 
machiner\ was driven by an iBfi waterwheel, and during die nineteenth 
century a horizontal steam engine was added! m provide power during time* 
of water shortage. Adjacent to the grinding shop is die lufting and boring 
shop, winch uses a further water wheel to drive its machinery* h) addition to 
this unique -lucmhbge of workshops there i* j large warehouse (now corK 
turning museum exhibits), offices, a row of workmen's cottager and i 
manager's house built about the middle of die nsncteemh century. 

Not until the second half of the nineteenth century was steel made in 
quantities sufficient, and at prices cheap enough, to replies wrought iron 
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BESSEMER CONVERTER 
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2 Blowing air through 
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3 Pouring out 
molten steel 

















IRON AND 3TIBL 


*77 


ioi structural purposes, but after the introduction of the Bessemer converter 
in ift56 P !ei>i than t$ ynn elapsed before die new material was beginning 
to be used epajdvdy, firstly for railway rails and later for boiler plate and 
shipbuilding The converter developed by Henry (later Sir Henry} Ik^einer 
(lEn-ys) \k m extremely simple in ttiniomtinn and in die rtictittaj principles 
ot iiv operation (Fig 24), being a 1 muniaii-moLiuted container with a perfor¬ 
at'd bottom through which air was blown, E he converrer was first inclined 
to receive a charge of molten pig iron and tlum, with an blowing tJuougJi 
the bottom, turned upriglut fot air to pai* through the iron to oxidise the 
carbon, silicon and manganese. A* hear it given our by this reaction. the 
temperature ot die iron actually incrca.ied The progress of the reaction could 
be judged by the colour and character of the itames laying from the mouth 
of the converter When the process was completed, the blast ww turned 
down and appropriate jddition-v modr to achieve the correct alloy 
coni pod non, The steel was then poured mEo j tadie and into ingot moulds. 
An improvement of the Bessemer process was devused by Robert Musket 
{1811-91)+ the pioneer of modem alloy steels such as high carbon, tungsten 
and manganese steel. He suggested the addiiioii of manganese id remove the 
excess oxygen which bad previously made Bessemer steel difficult to work. 

The major disadvantage of the Bessemer process was that it could not 
remove phosphorus trom the pLg and. js the phosphorus in the ore jecurpq- 
tares in die iron, only very low phiwphoru* ore* could he used, ruling put 
many of the chief sources of supply in Britain, Tlir problem w:n eventually 
solved in rSyg by Sidney Gilchrist Huwias (tSjO-Sj) and his cousin Percy 
Gddinst k was known that lime would react with phosphorus 

to give calcium phosphate and so ictiuive the phosphorus from die iron but, 
unfortunately* lime attacked the firebrick lining of the ikttemer converter 
Tluii problem was overcome by substitution of calcined dolomite bonded 
with fireclay as a lining tor the converter. This new process was known as 
die 'basic' Bessemer process [because ^ cheiuJCilly basic Etciing was iwcil) to 
distinguish it from die original 'add" Ikwemcr process. The tenm acid' aitd 
basic 1 ore ttitl used for modem fiiftiaccs and refer sfill to the nature of the 
refractory lining. 

The final major development in Itceln inking tee ham logy during the 
mrwtrenth Century ocoirtcd, in the rflttH when C W (taler Sir William) 
Sirmcm (lEjzj-flj), a German who became a naturalised Unndi subject* 
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introduced the regenerative open hearth furnace for converting pig iron 
into istcd, using ore ro assist in oxidising the excess carbon md otiter impuri¬ 
ties. The furnace was In some ways similar to the puddling furnace, with 
Himes being directed across the iieanli, but the hot gas passes through 
checker bnds regenerators before going up the chimney. The direction of 
combustion air and gas How was reversed at intervals so that the incoming 
combustion air and producer gas were heated in the regenerator before 
being mixed and burnt in the hearth. Odd or molten pig iron, strap or a 
mixture of all these could be charged mto the open hearth furnace, which 
flexibility, together with its greater capacity, led to its gradually superseding 
the Bessemer convener. Later oil fuel replaced producer gas 
Throughout the whole period of the evolution of iron and steel making 
tcchnUjuo the fundamental principles have been those of achieving reduction 
and cmdadon, curbunsannn and Jeeirhurisation. and they apply today a* 
strongly as they did lor the Wcaliieu Ironmasters of • <vntunes 4 go. Vor 
nearly 200 years, from the beginning of the eighteenth century until the 
i® 7 P*p almost every new stage of development occurred in ffniaiu, which by 
the early nineteenth century bad achieved a degree of supremacy over alJ 
Olliers in the field quite unprecedented and umtpcatabtc. Tile lit In m logical 
iji no various of that period, betides giving JJriiJin this commanding world 
poiirkm, lud important effects inside the country by creating nesv regiiMi.il 
concentrations of industry, 1 hus Darby and t.Vn transferred the iron 
industry to the coalfields, while Molten influenced tile establishment of 
the industry ui Scotland, Much British innovation a-anted competitors 
too, to that by the end of the nineteenth century tlir output of the German 
iton and steel industry' had surpassed that of Britain, helped to a great 
extent by the use of the Gilchrist and Thomas process tor convening the 
nth phosphoric ores of Lorraine The urhacologs of the iron industry 
is tlurefon ibe archaeology ui me ot the must important assets mBritain', 
pasT. of a period and of a range of technological processes fundamental in 
the growth of industrialisation through nut the world. 
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7 Engineering 


The lnJuiuia] Revolution was to .1 greatextern 3 revolution in die techniques 
of making tiling,, a revolution in method* or" shaping wood ami metal t" 
produce machines which themselves were used i-,i earn' 0111 other processes. 
There were. 111 effect. two staged tn mac tune malting, indeed two rype* of 
in aclinic, which, might be regarded is prinut y ami MLondary. The steam 
engine, at developed by Ni ivcomen and later Watt, wav .1 primary' machine 
designed to carry out a specific function—initially the driving of a pump to 
lift water tnit of a mine. The limits on die efficiency of iliis primeval steam 
engine were twofold, firstly the theomkal concept winch provided the 
bam lot iis design, and secondly, Inn .it least is important, the practical 
limitations of available technology that applied to the way iti which its 
components were nude and assembled. 

Early steam-engine making wi* tile province of the millwright whose 
skills, developed over ceuiurim in the building of windmills and watermilh, 
were tilt most appropriate ones available. A Newcomer engine, built into 
a brick or masonry engine-house, using a massive timber brain as dir link 
between steam cylindei and pump rods, Was, generally .peaking, within 
the already existing capacities of the millwright. T he cylinder, and perhaps 
the boiler, were the parts of she engine that demanded the most of available 
technology. As the theoretical concept on which die' mum engine wav 
bait'd became more sophisticated, so the demands cm technology' grew, and 
»o too did the proportion nfthe total mdficitttcv of the engine which derived 
from tht way in which it was built. Thus m 1774 when John Wilkinson 
(172s-JSOS), the celebrated iron master, patented Jiii boring mill, initially 
used fur guns but soon liter for steam engine cylinders, he was making j 
major contribution to the efficiency of the steam engine Up to this time an 
engLne cylinder had been cast in brass or iron and its Imre smoothed by j 
man ruhbmg it with rags and ssnd or by running the roughly ca»t battel 
on a trolley over j boring head mutinied on a rotating pole. Any irregularities 
in the tivi bote were inevitably tdfpctcd in the finished section, as the 
flexibility of the pole allowed the tuner head to follow die path of least 



txci n i; s s i \i. 


e8i 

tmmjncc. fly mounting a cutter on a routing bar which lud bearing* it 
cadi end, Jin! devising a means of moving the atiier head along the bar, 
Wilkinson was ,ihIe to bore a perfectly cylindrical barrel in the casting, which 
bolted firmly to the bed of rhe machine. Tins boring mill was at least 
as important in ihc development of the steam engine as any of Watt’s 
specific and recognised improvements; indeed die double-acting engine, 
depending ai it did on a closed cylinder with a stuffing box around rbc 
piston rod, could not have been made without an accurately machined bote, 
and ikii coulj only be achieved on a boring milt, 

Wilkinson's boring mill tails into the category of a secondary machine— 
one used to make other machines, It was also what would now be called i 
machine tool. The evolution of the machine tool was fundamental to the 
development of better ami more efficient machmn, and tin- men who built 
and used them were engineers rather than millwrights In engineering a 
machine tool is a mechanical device concerned with the removal of metal eu 
wood by turning, drilling, boring, milling, planing, sloping and grinding. 
During the nineteen lIi century machines wen- developed to carry out all 
these processes, some times automatical!), that is. they could produce a 
complex sapience of cutting actions titiitg information built into tliem 
rat her than ted into them by a human opc-riiur. Tilts growth of auto nut it 
machines and machine ton Is provided the trails for much of presem-day 
inanirfarttiring industry, saving not jusi on the numbers of men necessary 
to carry out a particular process but. much more important, saving on the 
number of men required. The large-scale growtll of manufacturing 
using automatic or semi-automatic tools was a phenomenon initially 
peculiar to the United Stares, where there was a great shortage of skilled 
manpower, !r is no accident that the processes developed initially in the 
manufacture of small amis, winch were to culminate in the introduction 
€>t production lines for making sewing machines, typewriter* and motor cars, 
should: occur first in the United Stare*. The benefits in terms of cheap mass 
production were obvious, and already industrialised fimopcati ammnv*. 
including Britain, took Up the* ideas enthusiastically, (t is arguable whether 
these techniques were rruly applicable in the context of a British labour 
force in view of the degradation of skill which they imply, and the first 
moves away from a production line system where each operative carries 
out a repetitive but unskilled task to a ’workshop’ type of production en- 
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viminiiciit are now being made. notably in '■wedenand Holland. 

The engineers who developed the tent generation of" machine took 
Jut mil: [he eighteenth njad nineteenth centuries were, in a very real sense, 
paving the wav tor die missive scales of production that v.c take for grunted 
t ltd ay, and the social and economic tmplicarionr resulting from their inno¬ 
vations are at least as far-reaching ns those deriving from other better 
recognised aspect* ol technological nlvancr jiicniorrcd in rile Industrial 
Acvulittinii pencil, t lie machines they prod viced enabled other machines 
to be nude more efficient, flvey enabled them to be made in ijuanniv by 
making possible the large-scale production of identical components, and 
in doing itth they were tustntmental in establishing vetj of engineering 
standards, relating to screw threads, lor «iniptc, which allowed inter— 
changeability o! parts Ixrwecn one mac I line and another. 

It is specifically with machine and production tools that this chapter is 
concerned: unfortunately they represent a much more difficult area of study 
lot ilii industrial archaeologist than, fur example, steam engines, canals or 
railways, nor only because tools siicJi as these were used ui factories and 
workshops where they are often inaccessible but because tEu - obsolete 

relatively quickly and were ealily wrapped Many ofthebnt examples of 
machine took can now be found only in museums, while production 
equipment, which r* generally very' poorly documented, has tended to 
disappear almost complete] Ai. added problem which applies particularly 
to production machinery of tin last fio^jo yxars is in often lngJ.lv 
sophisticated nature. Thus, appreciation of the significance of a particular 
machine is confined within the industry where it lus been used, if there is 
no will to preserve it there, it is unlikely lint any outside interest will have 
either suificient knowledge 01 influence to secure ns retention Museums of 
technology tend to collect prime movers and cw,Iy understood piece* of 
manufacturing equipment which can be operated nr their method of 
operatinr. simulated in in easily comprehensible wav Hatch do they venture 
mto die fields of complex production machinery, which makes die need 
lor historical awareness m industry resell'all [he mote ended 

As we have seen, machine tools are primarily concerned with cutting 
metal, takmg in, the process previously carried out laboriously and im- 
pcrtccdy by a aahmum using h«d tools. The cache* machine took were 
die bow drill and the lathe. In the former a simple drilling hi, svas rotated 
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by mcam of a string wrapped around the spindle of the drill and with well 
end fastened lo the ends of 3 bow. Rapid nscilUthm of the bow resulted 
in a high speed badcwntdi md forward* rotation being applied ro the drill 
bit, I n the early I a the* tolMnn vvas provided in a similar manner. a smug or 
eord wrapped round the workpiece being held by a how or. more frequently, 
connected to a treadle beneath the la tin- and a springy pde above, The 
advantage with the pole lathe Him that the operator was left free to use 
both hand* to hold the rutting tool against die work. String-operated 
drill* and lathe* are oi pn>c.linitiuI origin and have been tiled until sur¬ 
prisingly recently in Jkfttfn. Bow lathe* were used m watch and watch- 
raac nuking workshop* 111 the Clerkcuwdl area of London at least until 
t!! 75 >. aiul examples may be seen m a reconstruction of one of thee diops 
in Liverpool Museum. Similarly the larger pole lathe m its mart primitive 
Ibnn wav the standard equipment of the diair makers or hodgerv active in 
rite beech wixvJsuf lluikiitglunuliitc jtonnij high Wycombe. 

I he first major improvement on (lie pale lathe came with the introduction 
°f lJlc ™nJ»l ^thc in the late sixteenth ccrihtfy. The drive sv« removed 
I tom tin w.jrkjnetc and tixeJ instead to .1 mandrel or spindle connected 
to a live centre which supported and rotated one end of the work, the other 
end running in a lixed centre. This tyjw of drive also made possible the 
chuck m which work unsuitable fur turning between centres could he held. 
Uy the early eighteenth ceiuury the mandrel, nude of jmn t was running 
111 bearings east oi Irad-tin alloy, although the frame of all hut the smallest 
watch and instrument makers' lathes was still made of Wood, Later in the 
n illurs seres* threads could be genera led mi a mandrel lathe in svhich both 
mandrel and workpiece were moved laterally across the rutting tool held 
stationary on the too!rest by the operator. A guide screw on cite mandrel 
itsdt was engaged by a fixed key to drive the mandrel ionvatil at a constant 
rate To enable screwcutting to lie carried out, an alternative to the inter¬ 
mittent drive afforded by * pole <ir bow had to be sound, and two tonus were 
applied to the mandrel lathe. The most common was a treadle-operated 
trank connected to a large flywheel svhich was grooved ru i.ikc a drive ion!, 
the advantage being that the operator could run the Ji the him self. For larger 
Jatlm, however, such as tlicv used by wheelwrights tor turning wagon- 
whorl hubs, a separate drive wheel turned by one or even two hoy* was used. 
The primitive screwcutting made possible by moving the mandrel and 
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workpiece wji urcjtiy improved upon about 1770 by je»c Rtmisden {173 j- 
i8oo), ill) instrument milter. Tltt buis of Ramsdcn s lathe was to mount 
tlu* ntttitig tool, ground to the pro tile ol the thread, in a slide rest and propel 
it along the workpiece by means oi a lead screw connected to the mandrel 
by a senes of gear 'vbccli The number of threadi per inch depended on die 
rates of the gears eansiecring the mandrel to the lead screw and on die number 
ol threads on the Itadscrew use It*. The first large-scale practical application 
of the screwcutting lathe resulted from die work of Henry Mamlilay (1771- 
tSti), m utijiiieci who wiv to have 9 profound ettert on the development 
of precision engineering and an nvcrwhilinmg mriuencc over iiis own and 
the succeeding generation of mechanical engineers. Indeed, much of the 
evolution of machine tools can be traced through the personal connections 
forged between Maudslay and hit own employer Joseph Bramah (1748- 
t«t4) and those wins mWipcntly worked tor Maudslay Som & Field, 
the firm lie established m London. Born m Woolwich ami employed in 
various workshops of the Arsenal from the age of twelve, Henry Maudslay 
rapidly gained 1 reputation for skill a, * metalworker, a reputation which 
about 1790 gained him a position m the workshop of Joseph Bramah, 
already well established as a maker of permutation locks that, m unproved 
term, are still made today. Fhe influence w inch this bnlham Yorkshire 
inventor Lad on die young Maudslay must have been enormous, and liter 
benefits wind, Bramah himsdfwis later to denvc from the ideas,parked off 
by his pupil represent a classic sample of the CtwHbtilhation on which 
much inventive genius was based. Bramah, beside mvcm.nu the lock on 
wbchmost oflm fame rested, aim patented a rotary pinup, Wl j dc¥efopcd 
4 highly success!,.1 hydraulic p rra , „ beer pump ln d 4 machine tor con¬ 
secutively immk-nng bwktUMtt which enabled ,| lc Bank of England to 
dmxuss too derks! His interest in hydraulics early as the 177W ! lc had 
jfa.gned a HKcasful water dose, which was standard for a century-led 
him m propose the transmission o! hydraulic power from central sjcneratmc 
stations by mem, ol main, p.pc under t | ie vtrcm l0 whkfc CUiromcrs mn| J 

be connected, an idea later taken up almost every large port m the country 
hi iks armospWe of ideas Maudslay ihnved and, probably jointly widr 
Bramah developed hij «rewamu, 8 btk, Tim comprised a slide rci[ 
mounted on a bed ot two mangu Lotion bars, and a hillock carmng 
die hvc spindle or mandrel which w» tunnccted to the leadscrcv. bv a pur 
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f '&***> J«dfcrew drove the slide rest, to for many yen as 

'MantbUy's Curijge’, cm which the tool was damped. The lathe was 
equipped with seven [ kadnew s hating shift rent numbers of threads per 
inch st^ that screws ot different pitch could be generated. By tfioo Mandalay 
had conceived the idea of using change wheels to avoid the need for alterna¬ 
tive feadsetews, Hu screwcutting lathe of iSoo, on view m the Sneuce 
Museum, Loudon. hat twenty-eight change wheels, giving a range of 
sti to loo fclircacts per itich. 

After the introduction of the tliJc rest by Maudslay nubtujiMnt improve¬ 
ments in tile Lithe included the development by one of Ins pupils, Richard 
Huberts (178^-1864), of the four-step pidJcy and hack gear which gave eight 
spindle speeds, and the self-acting traverse which cniblrd die too) to paw 
smoothly and automatically along the workpiece, driven by a long screw 
additional to the kadserew and driven from the main spindle by 2 type of 
bevd gearing. Perhaps the most radical improvements, however, came as 
the tcsult of American inventions; start mg in the 1440s with the turret lathe 
in which a damp holding as 1 roily ,1* eight tools could be rotated to bring 
.my one of them to bear tin the workpiece by the 1 mi pie operation of a 
locking lever. This was followed in 187J by the automatic tadie, introduced 
hv Christopher Spencer (1833-19*1), tn which movement of the cutting 
tools and rurrei was controlled by adjustable cams known a* 'hraiu wheels' 
Thu 1 Machine could be fed with bar stock and automatically manufactured 
components such as screws. A British automatic screw machine, patented 
by c. W. Parker in 1870. is in the collection of the Science Muieum. London, 
while a similar machine is operated from time to time in the Birmingham 
Museum of Science ami industry, Other American contribution! to Lube 
development rn the late nineteenth century included the multi-spindle 
automatic lathe, in w inch a number of component* could be made simul¬ 
taneously. and die Norton quick-change gear bos. which eliminated 
die need to dip the drive belt from one pulley to an other to change 
speed. At about the same tunc the mrroJuction of high-speed steel for 
cutting toob greatly increased the productivity of the iatbe and other 
machine tools and, because of the greater feed rates which were possible, 
resulted in much heavier and stiffer methods of construction 
To return to Henry Maudslay, his further contributions to the develop¬ 
ment of engineering and nt machine tools were not concerned only with 
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t«h« but with standardisation and automatic machine tools, and m their 
own way anticipated American inventions by butta century. Hi, u blc engine 
ol ifi<37 war an example of a steam engine designed for «wU«di«d tactor; 
production and gre.tr portability, the lirji , gc ]i engmc n> be produced ,n 
large numbers and the hat widely available form of small stcim power 
mm for lactones that did not nrcessitue the complex instillation procedures 
demanded by the kttiwfautlt beam engine. Maudday also pioneered the 
me of the surface plate as 4 contribution to accurate work by his employees, 
a carefully ground slab of cast iron being on every man's bench 

Fir and away kb most advanced r tece> of work, however weir the 
torty-lour machines he made to the design, of Mart lombard Hmnd 
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(17^*849} for manufacturing pdky-bloch for die Royal Navy Ar die 
mitigation of Sir Samuel Bentham (1757-1831)1 Junctor General of Naval 
Works, Brunei wa% fqmmUsumrd in j&st re? design equipment (Plait jij 
capjbk of producing at least ioo t ooq blocks pci year at .1 critical period m 
the war wadi Napoleonic France. The machines, designed by Brunei, were 
ibuil 1 by Maudiby, who doubt Jew cunfhbutcd to their Jedgn By iSp^ rhe 
phnr wav in operation At Portsmouth, perhaps the hm imtalfaxion m die 
world m which nuiclmie took were used for jiias* production. Output 
pet year was 1 30.00c blocks. ptoJuccd by ten unskilled men doing eImt 
work ql mo -killed men and viving the Admir.il tv jf 1 7,000 pet annum 
lot a Capital outlay of j£j4,ooa Driven by hnc-shafttng from a 30 lip steam 
engine; the machines earned out die w hole carefully programmed sequence 
oi operations from sowing sections imm dm log*, through the viagci of 
mortritng arid drilling and intttuig the lignum vitae sheaves, to recessing 
fnr die metal butties Many of the machine* remained in use for 145 years 
and several are preserved in situ 111 Portsmouth dockyard- Eight olbm are 
on view m die Science Museum, South Kensington. Thr Portsmouth 
l>!m kau,1 king machinery nublkhcJ Man Jd.iv s reputation beyond doubt; 
brought him a most valuable collaborator in the person of Joshua Field 
(t 7 lfi-?M 3 )» a dockyard draughtsman who eventually became Im partner, 
aiu! r perhaps mure important in icfnu of the long-term development of 
mat:trine tools* made ho tirrn the- focal point for any aspiring young engineer 
jnxtOLh to train in an atmosphere of invention and iimsvariom 

the most eminent of die engineer* who worked for Mauddvy were 
Richard Roberts (17^51-1864), James Nasmyth (1834-90) and Sit Joseph 
Whitworth (1803-H7) Roberts, as we have seen* made important contri¬ 
butions m lathe design but he was also responsible for nuking die spinning 
mule self-acting and tor inventing 1 device tor punching rivet hotel in 
wronght-iron plate at exact intervals, in response to a request in 1847 from 
the builder* of thr great tubular girder bridges at Mtnui and Conwjv 
Jamtrs Nasmyth ii\n born m Edinburgh, son of a landscape artist and 
engineer. Hit early inirroi in imninaking, brawfouuding and engineering 
led him at the age of at to vriii Mamislay at his Lambeth works* where he 
w i> taken on as an assistant, a ptmnun hr held until diorilv iftcr Miudsby\ 
tlcath m February iSjt, He see up on hi* own juoun: at Edinburgh later 
that year and then moved to a small factory in Manchester. As ho business 
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expanded, lw needed more spare and look a 6 acre site M Pitrkruft, west of 
Manchester, bounded by the Bridgewater Caiui, the Liverpool & Man¬ 
chester Railway and a good rad. There his engineer in g work- grew up. hi 
iSjG lie invented the shaper, m which a piece of metal secured to a table is 
cut by i tool damped to j hemtootaj ram that moves backwards and 
forwards over the workpiece, which in turn it traversed by a screw drive, 
cither hand-operated or driven from the mam shaft, Nasmyth's shaper tn 
bisic form is still used today, although there have been detail improvements, 
it is particularly suitable for platting small surfaces, cutting key-ways or 
producing any lace which tan be formed o! straight-line dements, Nnmvth’s 
most celebrated invention was the steam hammer, devised m response to 
the need for a Jom diameter paddle shaft for Drum-lb Great Btimltt steamship. 
In the event the Gnat finUim wai built with a screw propeller and Nasmyth* 
design of i*j<j wj, not implemented untd a years later The only forging 
hammrn available previously Ivad been the water-powered tilt or nip 
hammers [fig a) which were severely limited h ihat they could only be 
lifted a relatively small height, and the force of their blow's under gravity 
was not great nor could they be controlled. Nasmyth’s hammer consisted 
simply o. a vertically unarmed steam cylinder supported on a ivpe of A- 

, ""f a L himincf h “ d flltc0fd tu ** end of the piston rod projecting 

through the bottom of the cylinder. The anvil lay between the L of the 
Irarne. Initially steam was med only to raise the hammer, which the,, fell 
under it* own weight. when the steam was allowed u, escape, but later 
were rhe Lseuig applied above the pi,ton to 

produce a more powerful and controllable blow. Later steam Jammers 

P Tt ^ h;td one supporting 

pillar <fig *J). There is a steam bnimcr of this latter type in the Undcrtbil 
Van workshops o the Port of Dr mol Authority M/ST 572722 ) 

two large A-frame hammer* one of which h sdl ,n regular use. are involved 
m the wfouglit-iron puddling process uj |) C4mrt{ W( , t ^ 

Fo, g , ft*. MB fa|„ .. J 

mfomiatuMi on James Nasmyth, 

Tl« third at Mrudday*. ctnpj,,,.*, „ Ua ^ f 

,.t .hr „..rW tool Bold Wl.i ,^ ^ ^ 

rgr ..I tr li lt , titvrhiinic to toi.il- to l 01K i, m „ , d 

. »o,fc,l»[. tn Mv.thomr«l to, up a , toolrukrr. By ,l„ c”., EtTb'- 
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ison lit gfisi thas most prolific of .ill die machim n so! numi fat turers was 
ahtr to adhibit twauy-thfte tepiratc machines in toutrjM to dir two or 
rlirrc of mmt other iiukciSp jud by the Ni*j Exhibition one cjwnrter of the 
total space alloEtctl to machine mob was occupied by Whitworth, die 
remainder com a i rung the products of more tEi.m uxty other firing 
Whitworth was not vo trnidi in inventor of iompk-tdv new tools nt 
tcdiniijue^ as an improver nr cxiMttng ones, and bis work was based on the 
mcficubu* standards of' precision which \m years with M.iurfdav Sous & 
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Field bid inculcated in him and in ability to experiment in j relentless 2nd 
thorough manner. His miti.il improvement* were made to lathe*, and his 
patent of I #39 covered 2 split-mu which enabled the Icadicrcw to be engaged 
and disengaged 31 will- He also introduced tlic hollow box casting for larhc 
beds which Was much mote rigid than die triangular bars used by Matubhy 
and afforded good protection to the Jcadscrewt. He produced a highly 
efficient plaiting machine based on previous designs by Richard Roberts and 
Joseph Clement (1779-1 K w)< both Maudshy proteges, but whereas these 
early machines were hand-operated. Whitworth's was both power-driven 
and self-acting, in his 1S4: machine the workpiece was clamped on a tabic 
"'hi ch ran hack and forth in .1 linnidtinl plane while a cut ting root mounted 
above it traversed the work a step at each stroke. His earliest desi gn had .1 
quick-return mcdt.imsin to make maximum utc of the total operating time 
for cutting, but in the (*41 model the tool vvi> mounted in a swivelling 
box that enabled it in be reversed at cadi stroke and cut the workpiece in 
Mt directions of travi'l 

Another area in winch Whitworth 1 powers of pragmatically inspired 
improvement were put to good effect was in the development of precision 
measuring equipment, and here again the debt he owed to Maud day is 
self-evident. In t W41 at the institution of Civil Engfncm Whitworth was 
advocating the general use of standard gauge*, graduated to a fixed scale, 
41 constant iiieatum of lire, which he pointed out would enable Standard 
machine parts to be produced. M-mdslay fold already produced J bench 
micrometer, taking advantage of Jus knowledge of accurate screw-thread 
cutting and Whitworth developed dm idea funrlitt and In greater degrees of 
accuracy. Jcmmuaretitig in iHji an instrument capable of measuring one- 
millinmh of 411 inch. 

Perhaps the most famous example of Whitworth** work wav his standard¬ 
isation of screw threads, which resulted from hi* famous paptf O,,„ Uniform 
Syntm oj Strew Threads, read 111 1*41, At tint date the design of screws was 
chaotic, wiih no common formula for proportioning the number of threads 
per inch to their diameter. Whitworth* answer to the problem was 
characteristic, highly practical and overwhelmingly successful Making in 
extensive collection of screw-bolts, as he described them, from numerous 
engineering works, hr analysed their varums chanctmstics in imm of 
pitch (the number of threads per inch), depth (the amplitude of the 


ENr,JNEE£lrtN'. 


Tgt 


thread), and form (die shape of the thread). These he related to various 
diameter* to discover maximum strength and durability. Tin- depth of the 
diirjii in the various specimen* he examined varied more than did the pitch, 
jnd die angle made by die side* of the thread was taken as an expresstun for 
die depth- I he mean of the angle in the J in diameter screwi was found to be 
about 55 degrees which was alsonearly die mean in the remaining strews cjf 
iJ) Ji^nictrn which were examined. Tins angle he then adopted is hi* 
standard and rn doing vo a constant proportion was established between 
depth jnd pitch. The \\ hit word f thread* which resulted from ihi - exhius- 
nve survey were quickly and widely accepted and became the main threads 
Hied for engineering work in Britain until 1905, when the British Standard 
Fine t hread was introduced 10 eater for the need for finer pitches. The 
Whitworth, or BSW thread eoiituiucd in luc alongside Hie BSF arid small 
I 1 A [Brtriiti Associati on) ihreadv as srandaid until ryjy. when a new thread* 

1 lie Uiulinl Screw Thread> w r as introduced under BS 13So, Since then 
something of a realm to the prc-Wfutworth slum tie* has Occurred* with a 
whole Variety of Ululled threads* ot American origin* themselves Ixiug 
superseded by the Metric thread* advocated by (hr Internallonal Standards 
Organise turn, In iddition numerous v.sn.it rum occur m the sizes and depths 
of hexagons for bolt heads and nuts. 

There is no doubt [hut detailed analyst of screw threads and of wood- 
Mzrcw design van provide the industrial archaeologist with valuable dating 
evidence despite the irumdiicricin of standard type*, there a enough 
Viination in thread design, boh head and mil shape uid size* and rnateriah 
uv;J (iron or various types of tfcd}» eo enable reasonably accurate eiirotn*- 
Ikigie*, it m»t .ihsohilc iUtn r to be wotted out. Hand ch.ised or ieadscrew 
thread* cut on a lathe can be different] a ted from threads cm by tap or die t 
while the changeover from vjiurr bolt heads and nuts to hexagons deserve* 
detailed examination. The me of cojdi bolls with domed hcaJs of various 
size* ss yet mother area of study. The wood screw p too, has been through 
numerous stages of development Othei types of fpeckJiuci thread* also 
bad their standard*. Whitworth'* own work extending to cover pipe thread* 
an J spumeri, a* wdl av wire g-rnges. 

Another important machine tool of the mid-mnctcenrh century was tile 
milling machine. Milling is the removal of metal from a workpiece by 
passing it beneath -.if acrot* j rotary tutting tool, in control to shaping or 
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pjf'tng. where the tool is fixed The concept of miffing wk certainly 
undent nod by the French dock maker; of the eighteenth century, who 
iwcd small milting luicliincs to cor gear w heels, hut the credit for developing 
the miflur as j commercial miicEtinr tool goes to a group tit American 
engineer inventors of whom Eli Whitney (1765-1-1*25) was the tirs! and 
most important, (n iXrjr he made a small milling ituchuic- This had a power- 
driven table, to cam the workpiece, moving horizontal I y below the flitter 
spin L lie and at right-angles to in It was not untd tM, however, that a 
mil ling niarhuu- was manufactured for sole, designed by F. W. Howe 
(r?22-9t) for the Kobbnu 6, Lawrence Company of Vermont- Thii vm 
followed in i&ss by the Lincoln miller, of which rhouunds were sold 
throughout the world. The problem of machining the helical Hates , n twist 
Jnlls, which begin to replace the older Hat drills during the 1850s and i^w, 
UHpirrd further refinement to the milling madunc. the answer being found 
m J$6i hv Joseph Brown of tire Brown & Sharpe Company of Ihov[denre, 
Rhode Island. The machine he produced embodied all the basic features of 
the milling machine as we know n today, and with these features it deserved 
to Ik called a universal miller, Vertical adjustment of the workpiece using a 
screw-operated knee sliding m vertical guides. ., spiral head geared to Hie 
tee niLC liman to enable spirals to he cnt T and provision for ni.itlumng 
upereJ spirals (necesiary to make tapered teamen) were all included. 
Frve of the original Number 1 model af Brown's mil[« were sold m 

Imam, and one « preserved m the Machine Tool Collection at the South 
Kcimuymn Science Milieu m, 


One further important madihring process has still to be comidereJ-thc 
d» r mg of metals under abrasive stones. both natural Jn d arr ,f lci ,| Tju . 
devdupmenr of the grinding machine Was igam largely the work of 
American engineers, although N Mr , T y t |, produced a grinder in 1845 with 

which theabruivcsrntm wen- mounted 
Tl,v introduction of artificial grindstones m the ,ij* comteing of iron 
aluminium oxide or silica grits (emery), bonded s vl ,h dev or rubber 
aecdcratcd the devekifrnicm of the grinder, which culminated in the 
introducticm of a wiwmd nuchinc by brown & Sharpe in ,876 in which 
most of die features of modem grinders were incorporated. The durability 

md Cuam * rr*°i * ** WhCcU w * **** i^P^d With the 

mvmtmn by h. A. Acbestm in ,*p, of carborundum, the name he gave to 
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artificially proJucal Is con carbide. By the early iyoert grinding bail become 
j well eWibliihed tcduiiquc for removing niml and sharpening cutting 
look 

Tin- Mure after about iS^O of die British engineering industry to initiate 
major iiinovannm in tbe design ind majiuthcturc of machine took rcxrilc 
machinery md production equipmem is highl) significant ami marks a 
dUnucr terminal point m the hitherto Heady progress of industrial growth. 
Some mig.hr it marked (he end of Btiijim \ Industrial Ucvoluiimi based 
on new ideas; from the end ol the nineteenth century the United State* and 
Get itinny took the lead m Eiumvation m tlix manufacturing held The 
industrial prosperity of tins period in Britain was baled on the techniques 
md skills Eoals and equipment th.ir luJ bcLii used in tilt* previous igcncrA- 
* l0tK Markers were easy to find and the Incentive to devise new meant of 
doing i lungs li-iil ennsoqiTcnfly dminidai But a completefv new tor in of 
engineering industry was developing in the United States, an industry 
geared up to the production of Urge numbers of identical, relatively email* 
components, finished to fine to]uranees on m u in no that required little skill 
Iroiii the operator. The sirrmfrcahce ot thi* quickly becomes apparent to 
(lie mdqorul archaeologist working m fintain. Firstly he feds nuxinue 
tools of surprisingly obsolete design dating from the Uriel pan of the 
nineteenth century. The Port of Bristol Authority's Underfill! Yard work¬ 
shop K an example with .in almost complete range of machine tools of the 
mid-iKNc*, mainly of Manchester origin and still in occasional u*e, Out an 
examination ol die unallcr precision medunisnu commonl, n? use in 
[Iricam reveal* a different stale of j (fairs American sewing machines. cype- 
writeix wall docks -md gramophones and Gcnnaii mechanical joys were 
finding that way into homes and offices. They were made by what came to 
be called The American System' of mass production. Brown & Sharp*- 
micrometers, flic ingenious pin tumbler cylinder locks invented by Lmus 
Yale, fnr, in 1865* and even American Agricultural equipment can all be 
found without difficulty m tins country’. Eventually the change in approach 
came m Britain, 1 change accelerated b\ the technological demands of two 
world wan, but not before the tlcmk of much of w bar the oJd order stood 
lor. As Henry Ford launched into his million Model T' motor cars, firms 
like Maudslay Sons ft Field *md James Waft ft Company closed their 
doors for die list rime. 


8 Non-ferrous Metals 


A su '.hmu* of iiotHerrims metals wereot increasing importance (hiring the 
eighteenth arrdl nineteenth untune* Sonic, such as copper, hit and lead, had 
heen known since antiquity. hut others, of which zinc was the most import- 
[jtu, were in effect 'new Metals trotn die point of view of their large-scale 
iniiihtrt.il application. All these metals wen- available in Hr tram, and the 
industries or mining or quarrying iticir ores, or in some cases the native 
metal itselj. frequently enjoyed phenomenal rates of grou ih and prosperity. 
Just js often diis was followed by rota l eollajnc, as deposits were worked our 
or cheaper inrrign nrc> began to reach Um mi in large quantities its the latter 
part nt tile nineteenth century. Ol the tour most important metals -dreads’ 
men tinned, and ot the less prolific Jtpivit' ni gold and silver, only tin n 
s,lined in Britain today. This relict tin industry, however, with its tss« 
surviving mines, at South Crofty (iS 9 /,SW 66^409) and Getvor (i^SW 
375 34 s)Cornwall, uuy lorni the msu for ness expansion in llie iutitrc as 
die high cost of overseas metal forces prospectors n> look one® again at the 
traditional sources of supply, A third mine may he opened in the Trnto 
area, Sample, from a Jiafi sunk we t of Wheal Jane arc being checked. 

The requirements of industrialisation both expanded traditional demands 
for inm-fcmnis metals and created new one*. Thus copper, which had been 
uwd for coinage both in Its pure stitw and dloyed with tm fit the thru, of 
brume, was needed for sheathing die hulls of wooden filing di.ps and, of 
much greater importance, as a component with zinc for the dfoy brass. The 
unprecedented demand for bras* created by die growth of the Birmingham 
metal trade* ami engine and machine buildcn led to an enormous expansion 
in ctipptr mining, quarrying and smelting in the late eighteenth and early 
nineteenth centuries. Thus copper production row from about looo ton’s 
per annum in 1700 to more tku, 7l0O o mm by the end of the century. 
Similarly tin, used initially for making hromw, bdl metal and solder, came 
into ii 3 own with the growth of the tinplate industry hi rhe early years of the 
nineteenth century. The expansion of the bad imlmrry, which occurred 
mainly in the noddle ol the nineteenth century, te as nor M rapid, but, like 
the others, it tins eventually fell mm decline 
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Like iron and steel, the non-ferrous umtl industries consist of ilirec basic 
division*— the mining of the ore. the e-in version of rli-.it tm using .■ fuel, to 
produce j refined metal, and the use ol the metal to make a liiiidtcd prctfmet* 
A* with iron and w.c.c\.. developments Jn technology jnd the economies ul 
transport resulted in the various refining pfoccuc* ni the industry dunging 
their location. Lead, tin and tapper were already being smelted and r dined, 
using mineral fuel* m reverberatory furnaces before the Industrial Revolution 
period, jjiJ t os die industry expanded* there woiigrowing tendency towards 
coalfield locations tor smelting works* In die 17201 copper smelting w» 
being transferred from sites Dear the copper mines in Cormi.dl to Swansea 
because coal was half the price m Wales, and m the smelting process much 
more fuel than ore was consumed. The technicalities of inciting also fe¬ 
atured that ore from different souren be mixed, an addition.1 1 incentive la 
coalfield-located sties. As rhe \imm non-ferrous oie*. unlike mmy of the 
iron ore dcpOiiti, tended to be located iwj y from coal* eonuderabb transport 
emiii resulted, whichever way die system was worked Thin Anglesey 
copper was generally smelted on the Lancashire coalfield, notably jc St 
Mdem. but some went aft far afield as South Wales By 1750 over aiJ.lt the 
total output ui lit itKh copper was being smelted near ^itsl it was 

1 similar uafy with lead Highly integrated organ iu shim greu up, with 
panncohips having control ol all stagw of rhe process—the ore mining iei 
one area, smelling and perhaps colliery owning in South >X'ales, and ^inc- 
times act interest its a rolling mill or iiict_il juamiLictuiv in Birmingham, 
Thus the whole; industry wji luring controlled by capitalist^ who had j. 
national point of view and could balance rlic various components of ihr 
production process to determine, the mow satisfactory locutions for their 
plant and m know which ore sources were profitable to work and which 
were not. 


t: DP PER A Nil ZINC 

Copper was perhaps the earliest nicftiJ known to Mm+ although it wj* not 
until w was alloyed with nn to form bronze hard enough fnr tools and 
weapons sbi it became widely used- In the Britain of the Indus rn a I Revolu¬ 
tion capper comm tied to be employed in us traditional rok t or making 
bronze for a Yancey d" ptapaw*, but it wav the widespread demand lor 
brass, an alloy of copper and zmr; which resulted in the rapid growth of the 
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industry, and for thi> Karan it ls worth cotundcntig [lie rww tumU together, 
rlicrr wxte .1 number of arca.% where tapper occurred in workable quantities* 
°l which part* tif Cornwall and Devon* Anglesey and the Lake Dinner were 
the most imporianr. The ore is genera Ely found in the form of a sutpJudr 
requiring a number ni processes to convert Ji into metal, A% many as four¬ 
teen Separate itagcs were itmilved but ihb becanw ™ pitted to about six 
during the early nineteenth century as the Webb process became universal 
The ore was first roasted and then inched in furnace* with 'mead slag', 4 by- 
product front later stages Lu the process This gave coarse metal’ comiiitm# 
some 15 per cent copper* which was granulated by running it into 1 pit 
filled with water. The granulated coarse metat was then calcined (roasted) 
and siib^ipicntly melted with slag or ores rich in copper oxide This resulted 
in meul contain ing about 75 per coil copper and 'metal Jjg\ The copper 
was run out of the furnace to make pigs which were transferred to a melting 
furnace and heated under vigorous air How, The products of dm «togc were 
blhcer copper, about 95 per cent pure, and Toaster ilag\ The blitter copper 
svas rapped into sand mould* and fiinlis* refined in 4 rcmdtmg furrmar* 
where it was allowed to oxidise. Hie dag was skimmed off and die mu fieri 
h,u! charcoal nr anthracite stirred into 11 with ;i green wood pole of 
birch or oak, 1 his resulted m the copper set thing ^ the gases were given off 
by the wood and becoming expose d to the deoxidising action of the durcoal 
or anthracite. Ah these various mge* tended to concentrate the impurities ul 
die dag* which was then removed, the final product being very pure copper. 
Fumy was essentia!, any contaminants seriously impairing 1 hr mechanical 
properties of the metaL Thy, even o a per cent of oxygen m the finked 
copper resulted m bliitlen^ 

AeisippcTTOcxtiacHOfi hdmtiry ^ imiiii-raiii aldwugh the 
****** refining processes have left lude in ,] 1C way rabble and com- 
prchciuiblc evidence on die ground. The Swan** v4Jl 7 on ,he other lutid. 
peritap, one of Britain* mow devastated industrial „«*, shows wlut can 
roull from unbridled develop mem and subsequent decline of industries 
which produce large quanndes of toxic or totally sterile by-products. The 
mining of copper in Britain m. a large wale became established through rhr 
agency of a govern nu-nt-backol monopoly. The Society of Mims R<>val 
incerpometf id IjttS. With memy-four shareholders. ten of whom were 
German, and between loo and 4 0o Gernaan miners, tlw first workings 
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were sinned hear Keswick m Cumberland. Tlir Crown received otvHfiAccfith 
ol .iU copper produced md i* per cent of jny gedd OT silver Hv_ only very 
early site identifiable as one worked by the Mines Rnyd b Gokfmpc Mine* 
Ek'nvcntrvaier, Although most of die remains are probably of early nuii> 
reenth century daw. An adi* in virtibJc- ffts/NY aiSi 86 ) and (here are ibafa 
nearby (Sj NY 5U6187}. Over a mile tit passages extend beneath Scope End, 
hm ibrse may well have been connected with lead mining as well as copper 
Elsewhere in the Lake Dinner more suUtanlUf remains can Isc seen not only 
°* die tnine* themselves hut of the plant used io aificcnixjie the ofe before it 
was r.ikrn for smelling. Like so many of these early metal mines, the ike* arc 
often highly dangerous, With small shafts often completely hidden m 
undergrowth. Very great caution must be exercised in exploring these 
areas. Untfcrgroutid workings should nfir* be explored except with - local 
expert in charge. 

Perhaps the most rewarding copper mine area is the valley of the Ked Dell 
Heel:, where die Collision mines wore rauhEisked by the Mines Koval in 
1500= Most ot the present-day traces. iniWL-ver. an u| iiiiideeuth<efsmry 
origin, dating from after r$J*- The present youth hostel (HU/SD ±#9986) is m 
(hr centre of the crushing and tramping works area, with the mam workings 
away to die north-west. Time arc numerous adits, shafts and pjte* of dag, 
the returns of 1 melting carried out at die Low Mill site, mo yd south of the 
Inwtcl, in ihr rHpos. Initially die ofc was picked over by hand, but by the 
middle of the nineteenth century mechanical jiggerV were being used to 
sort the grade* ol ore and there were various types of "huddle or separator, 
liven ao + one processing was a h bun t-iii tensive activity and some 600 people 
were employed, including a number of women and children, when ihe 
works was ai its peak. Fortunately, water power was available tn abundance 
and there were foirtcen waimvheelv Ld use tn the 1830*. Before the rail wav 
readied Cotimun in lAjffp about 2$o tons of ore a month war carried away 
to be sent out by ship from £kccno 4 d (rifl/SD JTjSlfc), tlien the major port 
in die area. Subsequently ore was carried 10 Ulvemou by rail, Decline set in 
soon alter die great Rio Tin to mine* started large-scale production in 1^73, 
and with further compcmmit from Chile developing alxcr 18!fa, Cotimcu 
copper mining, like copper mining throng hour Unrain, soon ramr to an 
endL Other remains in the general area include the foundations of crushing 
houses, whrdpitv md settling beds at I'd berth waite (SS'NY jrnexy?) built 
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in ihs* tSso* and tWo*. 

Although the Mi no Royal had internet there m the copper mining 
on j large stale did not begin in Cornwall mini the seven ceflith century, the 
ores bong shipped in imr cuing quantities from this ifiyos to Brkrol, Neath 
and ScValBd although mullet quantities were smelted near the mines. 
Between tTvo and I 8 ?c> copper was of overwhelming importance in tlic 
Cornish economy* read ring □ maximum output in the iS 6 os of 140.000 tons 
ol ore per annum, n> be frill owed by a steady dbdilic as. the workings became 
exhausted and fk-api: Inreign «rci came into (lit- country. Huge ibmtnn 
were made out of Cornish copper, both at the mi mug end of the industry and 
in the smcJring works of Swansea where Cornish entrepreneur* had a large 
Imanctal stake There urai one major attempt 41 smelting ore in Cornwall, 
however, at Ha vie, anil alt bough I lie smelting and rolling plant has now 
gone, the area of Cappnhqwse (r^SW SOS3S0} has canal dock waits built 
from copper slag or ‘scoria’ blocks iSin x nin * gin, which were provided 
free to eh,’ company'v employee) if tires wished to butltl then own houses. 
Start 1 ti±: in the 17 }®, the Cornish CupjuT tiompiny’s activities in Miyli* 
bated into the second decade ol’ tlic nineteenth ternary, luit the idea uf 
sntdtmg ill Cornwall w as basically unsound, some three 10 four times its own 
weight m coal being needed to imdt the copper me and tiler, in me no local 
coalfield. 

The archaeological evidence of copper mining in Cornwall is somewhat 
confusing. ,u many nitms produced do as well. The major areas of copper 
production are dearly defined, however, and included those of Redruth and 
Chate water, another west and south-west of Redruth, the Maraiion .In. met. 
the Levant and Boblladc mines north of St Just tin the Land's End peninsula, 
the iWrtDwm and St Agues area and along the coast near St Austdl north 
of Sticker. In die c.iu uf the county copper w.i% aha miiicil on Caradon 
Moor, norrh of Ltd. card, and around (km 11 id.ike and Callingjon, A) the 
•fchaoology ol the topper and tin industries, consisting largely of engine 
houses, waste tips, remains of crushing and stamping equipment and a few 
Coniidi engines, is so inextricably interim xed, specific sites will be con- 
sulcrcil in the tin mining sccUon of this chapter, 

Rerhaps die irnut spectacular of all the copper tinning cites in Britain it 
1'aryt Mountain, Anglesey ( twV&H uvo). which begat, a* a senes of small 
mitm in tile lair i-fcst but develops! into a vast opencast quarry alter the 
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Collapse ul most of tin- mint workings By the legos Mountain w;l* 
Befog vystc matically cur a * ay by 1,500 men io I -mi the Urgcu copper 
working* in Europe, w hile the nearby hander and port of Amlwch (to6, SH 
4499J 4} had grown into 4 filial I [own fioiti which the ore was shipped 
to Liverpool, Swansea and BolywetL Inferior oft, overcharged with 
mlptiur* was roasted on the spot, the fume* destroying vegetation lor mile* 
armirnl This, together with the great chasm uf the quarry itself evoked 
descriptions oi "the awful spectacle of sublimity’. 'the savage grandeur of 
the ^cene jjuJ the same trim* 'excited tile mo&f sublime idea* niter mixed 
with scmatiofi* of terror 1 from all who ww it. By 1*1$ the balloon had 
hunt, for copper prices had dropped and the best lodes were worked our. 
Revivals occured bneris at intervals down to iKSj, when mining lin.dly 
leased, leaving the lunar Ijntkcapr of today surmounted by an niccmgmotu 
windmill lower (to6/SH 444*106) built in rS?M to assist a steam oigrne m 
draining the workings. A diorama of the Parses Mountain workings based on 
Jk C. IbbetstEKi's fare dghtcentWcntury watercolour may be seen in the 
National Museum of Wales Cardiff. 

Although ^iiK ore* occur,, sificu in avvomiion with lead, hi * number of 
places in Bnum, notably m Cumberland, Derbyshire,, Durham, Somerset 
and North \\ .lJl -- --, nowhere jn they round rn abundance, njr jrc foev worked 
today. The nio« important otr is calamine* ihc carbonate of zinc,, but the 
iulphidc» known as blende or blackjack. ha* also been of coinmcfdal im- 
pomncc. Tile primary use for zinc found in Bniam was for alloying w ith 
copper co ie i.tke brass, but Later, from die 1840s. die process of coming dim 
iron or vucI s^iih for metal known 4s galvanising. became i u ri cooing I) 
important. Tht use of zinc tor coating grew still further alter the develop- 
twin of tolls for producing corfugjred non sheet ar West Bromwich in 
1^44 and foe widespread adoption of galvanised ware for fmefog T while the 
development of electric hutrenes iitad .1 demand for the metal in a pure 
form av anodes. 

Evidence of zme cjctottfon is sparse and difheub to identify, but m one of 
the major irea* of working in lint j in - the Men dip Hi lb of Somerset 
—'gruffy ground 1 , a* it h known locally. m foe neighbourhood ofSbiph&ftt 
and Rowbemiw is probably the result of diamine working from the laic 
sixteenth century onwards A stone chimney some 2-att high in a field across 
the main meet from Shi plum 1 panfo church (165 : ST 445574) amid pwably 
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be the icmaim of a pocciiitig p]Jiit where the calamine was calcined, 
Mendip calamine wa* tued for rile manufacture of brass. mainly in Bristol, 
the pn where copper was brought in from Cornwall, It Was used for wire 
making, very important for the carding of wool (sec {>24 j); and for sheet 
bras* used iti the production of poiv and pm* known as battery ware*, the 
iisine arising from the fact that the brass was battered under water-powered 
hammers, 

One of the lint brass mUU in die Bristol area was set up in 1702 by Abra¬ 
ham Darby at Baptist Mills, anil when he moved to CoalbrookdaJe some 6 
years liter, 11 i,otititiucd anti expanded under the leadership oi the remaining 
Quaker partners. In the succeeding jo years more mills were established 
along the Rivet Avon upstream towards Bath and on several of the tributary 
stream*. Keymliam, the most suitable of these new sties, eventually became 
the headquarters of the company anti was the last place m the Briitol region 
where brass goods were manufactured, ceasing production in tor*. Jn the 
eighteenth century, however, the Avon valley above Bmtd was the tech¬ 
nical centre of the brass industry' and site remains can still be seen, Ai Keyrt- 
dum welfare the remains of the brass null with its weir (1 jrt/ST and 

M lr <‘ die less significant temtumn ol 4 smaller site (t j< 5 /$T iSHpC^i). 

Hie battery mill here closed in ipofl, the list brass battery in the country, but 
the rolling mills remained, enjoying 3 brief revival during World War 1 . 
to dose finally m 1934 Miapj the most spectacular and a re luen logically 
important sue. however, is that rumh-wcw of Kcbtoti (1 i<S./ST r*>s<W. 
where the surviving walls and wmereaimM of a substantial worts are 
dominated by the conical iquirc-wcrion towers of two annealing ovens in 
which brass battery could be heated to make it malleable again afrer becom¬ 
ing * wo rk-hardcnc J * under the ham mm. 

Another site near Bristol of some importance is the Warndey Work* 
(150,'ST A6»73fi) of William Champion, possibly tire first place in Europe 
whete metallic zinc or spelter was extracted on a commercial scale It was 
established at Warmley about 1740. bui had earlier origins m Bristol. where 
Champion took Out a parent for deriving spelter from calamine. Tin's was a 
breakthrough of sonic importance, as previously brass had been made hv 
heating metallic copper and calamine together under a layer of powdered 
charcoal iin a crucible. From aofb of copper and 6olh of calm, me (or blende) 
vmi\c 6o11j o! htAw could Ik. 1 produced. 



j? Warnilcy brass work* near Brulol. The must substantial relic of WlHramt 
Champion's eighteenth-coiutrv ^'^irkt is ihb stone building tncsrfmung black 
cupper slag blocks 

Champion 1 } ability to separate metallic zinc* which wa* liable to vohttsc 
very readily during the extraction proton Jed to ihc manufacture of very 
line brass, "by the direct union of copper and zinc* care being taken tt> 
prevent the access of jir to tile material w Idle in fusion.' There is little on the 
Wjiriile) vitc unlay which provide* evidence til rhr technical aspect* of 
Champion * yenvilies r but several surviving buildings incorporate black 
scoria blocks a* quouis (Hjee jz]. The sue of die dim which impounded 
water tor [he waterwheel* can :■■ r i IJ be I raced p while from the dry bed of the 
millpond protrudes the remain* ot a seated statue of Neptune constructed 
entirely of slag blocks! Grottoes and ornamental walks separate the lake 
Ifom Warmicy House where Champion lived. The house is now used as 
council offices. 

Although the brass industry of tile Bristol region has become obsolete, with 
iu> Cornish copper bejng brought into the dry docks jnd calamine mining 
on Mem lip ex liner, the area has continued to have association* u ith die 
production nf zinc, which in it* pure iurm was being med in Etastol in 
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qmnniy ft*f gjlvanmng riac and comigaicd sluxrt iron m die middle of the 
nineteenth century^ Today zinc i\ produced in i iiuxfcm p!;iin dcvciopefl 
at Avonmouih by the IiujktmI Smdtijig Corporation, in which a bleat 
hnmcc i> dizigtxl with matted ^inc ore ttnccntivitt and the va ponsed unc 
condensed on a coMiniumsIy circulating stream of molten lead, By feeding 
lead-zinc camicmritM into die furiLiee. lead also can be rccoveteJ. 


TIN 

Tin fnr jjfoying with (tipper to form bronze 4 tiJ with lead to produce 
pewter find various so] den lu> been mined in Hritun, mainly m Cornwall s 
Iqt over * k coo yean, and tin ore, after iron, has perhaps been die most 
extensively worked nictal-bcartiig mineral tu the country, In ihe early 
nineteenth century succesiful expcrimaiti using tin-plated iron sheer to make 
can- for preserving fowl led to -m enormous demand for rin* and today 
nearly half the world output of ibc metal goc* into the nuking oPtiiipJaie'. 
Tin. of nil inttah, n oik of the tnm la imiiai to everybody, although what h 
tnviriably eallcJ mi today is in feet tirt-pliatcJ sheet steel, fin is highly 
resillant tu corrcisiiifi but is expensive jju! U-h *rrcngtb. The KH1 ft of 
coating a %hm ofaftd about O.aiin thick with i hya of Mi perhaps only 20 
ndUbutbi of an loch thick is a com burnt toil of sterility and length ideal for 
food canning. 

A* was the case with much of the copper from Comw di, so too the tin 
niincti citidsiwly in the Duchy round its way across rhe Bristol Channel, 
to rhe nnplitc worhi of South Wales. Tinplate nuking was established t |, f i c 
jt f'ontyjwol and Cydwell, in the early eighteenth temury and the process 
conrinuctL, but with 'ted refitting wrought it™, virtually unaltered down 
to die i«5w, Then the old hand mills linatly gave way jo iiuxient strip 
mills, and an electrolytic tinning plain was set op at F.bbv, Vale in A 
number of buildings used for the tuanuiictufc ofrinplitE can still be seen .it 
Swansea. PottUrdulais and Liiuelli, for example, but most are now used for 
other industrial purposes and an- of little interest to the industrial archaeolo¬ 
gist. The HKttCydwcliftja/SN 431070), however, is wmrhy ufexaminartor, 
j( only tor rhr plaque on the wall above the Jour indicating ihar die works, 
‘tiie ddesi in du; Kingdom’. were rebuilt tn 1K01. Cydwell was j T | f J( j 
preceded by Poncypool, hut dir ntc is nevertheless of considerable note Jq J 
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surprising! v complete, with hriuk buildings and chimneys still UiirtJiiig T 
many of early nine teat tli^ccimiry d.itc. 

Pethapg the most notable uirviviug monument of die tinplate industry is 
tile Mdingnrtkh water pump (i 5 */ 5 T 14^01). The Mclingrtffith tinplate 
works at Whitchurch, some j miles rtDtth-Wcst «f Cardiff] were powered by 
waterwheels using water from the River Tati, but problems arrive as a remit 
df the Glamorganshire Canal Company taking water from the river and 
causing stoppage of work in dry summers The final answer, after vein of 
litigation, came when die canal company agreed to take lew water from the 
yppci reaches of the T^ffand to pay £700 ini rlii- nunctfaciurL irul i mu Na¬ 
tion of a w '.iter-powered pump (Plate 35) to return water to the canal from 
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iJtc rivet below the works, Although in an advanced stair of drrri y. the 
MdingriJftih pump is >nll sufficiently complete for in method of operation 
to be nude out An nadmhot waterwheel drove, by means of two ennks 
4tid connecting rudt, timber rocking beams that in mm operated the 
pitiom in two cylinders, the ware; being drawn up alternately in eaclt. The 
only other large pump of a similar nature in Britain it it Clavmon near 
Tia1 1 1 (i66/ST ’Sit6^), md that wit used lot Jilting water from the IIIver 
Avon into tlie Kennet & Avon Canal (sec j177}. 

Far and away the mow spectacular and widespread industrial archaeological 
remains of the tin industry, however, are in Cornwall* the county which for 
a.ooo yeas was Europe's major source of the metal, Reaching its peak in the 
leeond half of the nineteoitli century, Cornish tin mining then began to fed 
the effects of overseas imports, mainly from Malaysia, and today, with the 
exception of the two sites mentioned at die beginning of this chapter, the 
turning industry is extinct. The legacy which tin mining lias left the county 
iti the !orm of derelict mine buildings is dramatic, and the characteristic 
stone pimping engine house, with its tapering chimney built into one 
comer, is a trademark of much of the Cornish landscape The areas where the 
industry was concentrated were around Wendron. west of Truro. St Ives 
and, of particular importance, on the land’. End pcmnnla around St JustHn- 
Peitwith, Tin was also mined in association with copper around Camborne, 
Gwenapp, St Day and GuimisJjke, and even in prcslominanily copper are.u 
like Redruth and Chacewatci, tubi'amid tin deposits wctc actively worked. 

The tin mining industry lias an important place in the history of teeb- 
nology, for it was the problems of draining tin mines which instigated jmtcli 
of the work on the development of steam pumping engines, initially bv 
Savery and NcwC 6 to« and liter in the form of tmjHWtniejtts by Watt and 
Trevithick, Although the Boulton & Watt beam engine was extensively LW [ 
m Cornish metal mines, it was the refined version nf it, die 'Cornish engine* 
developed by Richard Trevithick (1771-1833), which found the greatcsi 
favour and which can stiJj be sen* at a number of mine *u« roday. Several 
have been preserved at * mult of the ffliim of the Com id, Engines Prcscr 
vatian Society. set up in 1:933 w ith die immediate objective of preserving the 
irin rotative beam wjmbng engine at Levant copper mine near Land's'End 
11 (tp/SW 160340), the oldest surviving engine in Cornwall. Other engines 
preserved arc the Som cylinder pumping engine of Robinson's Sluft (t Rf^SW 
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^9409} within die buddings of South Cmfty Mine jt Pool arid built ai 
HjvIc in 1854, the 90m cylinder pumping engine ji TaylurV Shaft, ELm 
Pool (i&y/SW built in 1S92 and aho at Hayle* and the join curative 

beam-winding engine built ar die Holman Foundry in Camborne in 1867 
and preserved In tint alongside the Ajo(T) jt Lur Pool (c 0 g/SW 675416). In 
1970 the Cornell Engine Preservation Society aiiialgjmuted with rile Cor¬ 
nish W 4 ter wheels Preservation Society to form the Trevi chick Sue ret y„ an 
ACtive body drd[cared to the preservation and recording of industrial 
archaeological iitcs n« Cornwall. The engines mentioned above -ire now 
administered by [he National Trust. 

Once one ot tile most important centres of the Cornish tin and copper 
tincjitig industry^, Camborne still qflets much fur the voicing industrial 
archaeologist, hi the centre of the town* opposite the statue of Richard 
frcvkhickp i* Holman's Museum (1S9/SW 647401)+ run by the firm that 
manufactures mining equipment. Here is j large collection of mining tools, 
a vertical steam engine of TE70, and models of Trevutuck s steam engine 
erected at Wheat Prosper in j fl 11 and of Ms JoHible-aculig water pressure 
engine erected at Wheal Druid in t$ Ou A ho preserved b^fc w tlie rotative 
beam engine of rtijo from Rostownick used in die china clay pits there tinnf 
1953. In Cam borne, too. is the School of Mines and the Literary Institution, 
while \ mile tu die south-west at Penponds (tg^jSW 636319) is Richard 
Trevithick's cottage. 

flic rich tin oxide uro from the Cornish mine* required crushing and 
concentrating before they codd be smelted. Crushing was earned out under 
stamps consisting o\ vertical wooden beams diod with iron which were 
Idled by cams on a shall and showed to fall on to die ore fed snfo a box 
bdow. Tl it" shaft with its earns was usual tv powered, through gears* by a 
WarerwhecJ or, Jess frequently, a steam engine. A working model of 4 se[ 
of steam-powered stamps can be seen in Holman's Museum, Camborne- 
Water-powered stamps or their minim can be Wen ar a number of sites, 
including Nandcdra (iStydSW toojjj), where there are eight stamp and an 
tW ft diameter water wheel which were all in use until 1948, 

Perl saps the only set of 0perati1i11.il Cornish stamps in the vvarld can be 
seen at the Tftlgut Tin Company* work* ([flp/SW 690438) on the left-hand 
side uf die fljjoo road out of Redruth to PoitmiM Here « a complete and 
working tin extraction plant which, until 1963, drew most of its raw material 
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linn I the wisii' coming from the Jeep mines of South Croft y and Geevor. 
Since then. mainly as die res till of improved techniques of recovery trom 
these mine, tin has hern extracted from waste left at old mines, from beach 
sand at Cwiihian and from ore received from the few surviving"tributcr*'. or 
miners working by themselves with the possible help or ;i son or relative Ar 
the lower works ate die stamps, at the upper works a rotary caidner, bst 
used in f/40 to bum arsenic Out of the tin ores, together with the routing 
tables powered by waterwheels which separated the metalliferous mat emit 
from tile waste, The site, now somewhat eomtucrdiliscd, is run as a tourist 
attraction. 


LX AD 

Lead, like tin. has been mined ami quarried m Britain for some 2,000 
years and only in the last half century or so has it ceased to be worked. A* 
with tin, foreign ofn coming into Britain m increasing quantities m the 
early 1900; finally killed the remaining mines, although Mucking and 
processing plants, relying on these overseas sources, have continued m 
operation Unlike tin, which was largely ctmccmrated in Cornwall, lead 
luimng was much more widespread, with major working areas in Northum¬ 
berland, Durham, Yorkshire, Derbyshire, Nonh Wales. Shropshire and 
Smuerset- The main uses for the metal during the eighteenth and nineteenth 
™«urio were for roofing and guttering, water and gas pipes Jn d general 
plumb mg w nrk, diot, and in the very purest form for the lead chamber* used 
111 the iTia nut act Lite of sulphuric acid. It was also used extensively lor the 
0x1 Jr. (red lead) and die carbonate (white lead), both pamr bases. 

The molt commonly worked lead ore was die sulphide, galena, which 
could be converted into metal in either specialised types of blast furnaces or 
m reverberatory furnaces, In some areas, notably the Mciidip hills of Somer¬ 
set. waste materials left behind by Homan lead snicker* were reworked 
during the I,tie nineteenth century using more efficient processes, 

The remains of lead mining and smelting and. to a lesser extent, die sire* 
when; lead was used commercially, provide sonic of the most rewarding 
areas of study for die industrial archaeologist. The period of working was 
often over marry centuries and carried out within the framework of complex 
local laws. In Derbyshire and Somerset, for example, the lead working areas 
were divided into liberties within which miners could .seek and mine ore 
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Milder specified condition* jiiiJ subject to the surrendering to die landowner 
«?l duo relating cn rheir output. Tools *irc j bum] jut in nui^ruiui *«di a* 
Derby. Buxton and Sheffield and at the headquarter* qf die Peak District 
Mines Historical Society at Magpie Mine. Sheld™. Derbyshire (jm/SK 
1736 tii) T where there arc abo extensive surface remain!., Some pxm of the 
mining surface equipment arc fairly Conventional, and hcadstock* can be 
found in vary ing states of decay at a number of shaft mine sires, such as 
tkorge s Shaft, Snaitbcach [Hates 34 and 3*). in Shropshire (UtfSJ J7JGZ2), 
Elsew here, ttt Derbyshire ami the Dales of Yorkshire, for example, mine 
remains take else form of tiniest cmifuuiou^ fissure* >om crime* stretching 
over miles where the miners have followed a rake vcin T n a vertical crevice 
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occupied by (hr ore wav called. The atciuivcnw of lead mining, coupled 
%virh the remoteness of many ot die hib and their easy accesiiibilitv, nukes 
care and precaution in exploring liiem of very great importance. Often 
there arc interesting remains underground, but the mints should tint be 
entered without skilled and experienced guidance, which can often l>e 
found in specialist societies like the Peak District Mines 1 listorieal Society 
and the Shropshire Mining Club, 

Once the ore was out of the ground, ji trill had a number of processes to 
undergo before it was convened into metallic lead, ftemum of processing 
plants or, more correctly, the buildings which housed diem, are prolific 
in many lead mining areas. They exhibit a number of regional differences in 
arrangement Ore crushing was usually mechanised, with water-powered 
crushers, Perhaps the finest surviving lead mill site is m WcareUc, County 
Durham (8*/NY 937429). where the buildings and magnificent jj,(V 8b iron 
waterwheel of the Kiilhopc ore crushing plant are being preserved Before 
this crushed ore could be fed into furnaces m lent a proportion of the 
impurities had to be removed, that the material eventually used was 
reasonably concentrated. This was achieved iri a vinery of ways, from 
pckiug over die ore by hand to various mechanised panning and washing 
operations. Hie latter techniques ire uwd today but re nuns can be found 
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jf a iiuiiibs. 1 r o) sites of the pnrdcvraors ol rjm modem equipment. One of 
I lie mon common types of concentration equipment was the huddle, in 
V. Inch crushed ore in the form ol j slurry wu led Jnwn 4 trough 

or bunder into die centre of a circular stone floor A$ the ore flowed down 
and trilled on the floor* its surface was brushed by routing amis sometimes 
supporting headier. The huddling process relied simply on the fact th.n die 
heavy metaUaden fraction ot die ore would settle first* near the mouth of 
die trough in the centre ol rise huddle, and the concentration would diminish 
rapidh towards the outer edges. Thus ihc centre of the filled huddle could 
be dug out and smelted, and the material .u the outer edges thrown away. 
Remains ol huddle floor* can be found on Men dip near Si Cmhlxrf* Lead 
Worb, Pnddy (i 6 j/ST $4550*). The almost coi hp letd y dismicg rated 
skeleton of a jigging table with ajchiiiwJejtnHjercw feed, also used for ore 
washing and concentration, stands on tlie Snailbeach mining site in Shrop- 
^ce (llS/£f 375022} (Plate jj). 

Perhaps the moat distinctive of all the site remains connected with die 
recovery of lead are those associated with smelting, hi E77K it was shown 
that lead was sublimed during the smelting nf its ore, galena, and that the 
vapours settled in the flno and chimneys of the furnace or escaped to poison 
tin- unrounding grassland and surface Water, It was also appreciated that a 
mbs ton rial pro portion ol the potentially usable lead in the ore waft being lost. 
As the I umes were very finely divided, they settled slowly, so in order to 
retain diem, very long flues with built-in pornnemsor obstruct tons were used 
to increase the time in the flue and provide sufficient surface area on win eft 
fhs 1 - fumes could precipitate, lu *nme caws fine jets of water were tried in an 
attempt to a*Mtt settling The most satisfactory arrangement seems to have 
been a long, a| most horizontal flue with ^ vertical chimney at the end* but 
return flues arid Aura with chambers in them were also extensively used. 
Numerous variations on these themes can be found, defying almost any 
analysis 0} the optimum system, even if one was ever discovered. Frequently 
(he nature of tile terrain seems to have determined which rype of flue was 
used. The flue* have now often collapsed and are readily mistaken for 
rulvem or drainage courses, 

hi open siirt on the Famines Jong single flues ran for distances of up in 2 
miles from the furnace. One of very great length can be traced a t KclJ 
Heads Mill, Woideydafe (90/SE 077910). Here a Stokoc condenser was u*cf 




>iON-FIRRQU& METALS 



210 


in the flue about ifcjyd from thr mil!. consisting of j chamber Idled with 
brushwood which wa* constantly sprayed v. oh v. alee Between 4 and <* pvr 
cent of the lead recovered at the smelt null came from condensers of this 
type. Beyond [he Stoker eunde&Bcr the flue coti tinned for nearly 2 miles up 
on die moor beside Cobmr Smeller (jkj.'SE 0O09JO) and boih Am 4 
common dumiury. At C<4S$mgton High Mill [yfc/SE 025663) 4 double 
arrangement of Stokoc condensers can be found, with die walk of the iwo 
cornpirtmmtv stibltaitunlly intact Ac the Surrender smelt mil 1 K Yorkshire 
(jfci/NY 98*003}, is another long Hue extending from the union of two 
smaller flues from separate nfc hearth*, and at t-intzganh mill. County 
Durham (84/NY plS4J0)* two flues arc earned nn an arched bridge across a 
scream Miid a road to enter a condensing chamber. Fmm the far side of the 
chamber the remains of a Single flue run fur wine 3 \ miles across the moor 
On rrsinCTcd sites flues zigzagged 01 were banked, grid-iron fidiiun, with 
chambers At each return, Flues of this latter type (plate 36) can be seen at 
Chaftcrhoiiso-on-Meitiljp m Somerset (t&j/ST <04557), and there is a zigzag 
arrangement at Cod rude wicker in County Durham (84/NZ 07*485). The 
Wanloi'khcad site in Dumfriesshire (AH, NS 855144) has a curious coiled 
system of flues nearly 1,oooyd long and the remains nf a condenser which 
held racks of pebbles and water-soaked coke t liters. Waiilockhe.nl k also 
notable for the water-powered pumping engine Ke used to drain the 
workings (Vhxe 37}. 

3A Lead precipitation finis Chjitedltiiiic^Hi-Mmdip. Sbtxicrtci 





J7 Wiitr bucket bcjju engine it Sirmstcp bid mim, Wttdix‘kta'*4 Duiafi^sdurc 

Associated with these litre* wcit dmnnrys. often of considerable is Light* 
many of which -xtiil surviw Sortie dominate the Lm J-xMpi: for rnaisv miles, 
as 41 Srdthun HilU Mendjgi (165/ST 556547), when- 4 cbmney of very 
Cornish appeal'll 10c lau. been recently restored Another 'Cornish type of 
chimney of tirculjr wctioii top*, ihr long iliic from Langley smelt mill* 
Northumberland (77/NY £4161 ()> and there tv a square section ^ezitrk 
squat appearance at Stone Edge miH p Derbyshire (Hi.SK 154070), Alpon. 
Derbyshire (mfSK 24J64K) hj> 4 partkuLifly corpulent chimney designed 
to receive the gjsn from four serrate hiniacev Smelt mill chimney* in (he 
mid-Pettliinev area also provide the inspiration tor (he band of enthusiasm 
who form the Eirby Mines Research Group. Tlicy have repaired a number of 
chimneys, [ogether with buddies and dressing floors j. horse gin and varum* 
pump rod clumbers. 

Before leaving chimney and Hues it is worth mentioning that other metal 
industries also used diem to a certain extent n> coni unction with the refining 
nk tin .uid cupped as at Crews Hole, Bristol, where a copper work* chimney 
survive [156/S f 6^5755), and also in the extraction of ^trwnic In the latter 
ease 1 he flue played a twofold role in preventing flu- poisonous arsenions 
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oxide from contaminating the countryside and by providing x means of 
recovery of she material for commercial me. At the Devon Great CotuoU 
mine [\7ifSX +25753), which wai concerned initially with copper, arsenic 
bad become the main source of income by the 1870s, as the chimney and 
Hue system indicate, in Cornwall the Bot albeit tin mine liSy/SAV 3^3333) 
Im a complete Labyrinth of arsenic flues. 

One product for which lead v.11 extensively used—lead duM— required 
a highly specialised form of industrial building tor its manufacture By a 
process perfected in Bristol in the r?Bos molten bad (mixed with arsenic 10 
Jtii;fcic it form bird ind spherical globules) was poured through a perforated 
STAV to fill Up to 1 soft into a vat of water The droplet* solidified x\ they fell 
and the water prevented them being damaged bi impact. Whir was prob¬ 
ably the first shot tower, built in Bristol in about 1787, was demolished in 
ictfkH for Ihr inevitable toad Widening, and this great lo*± r coupled with the 
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destruction soon after of the 174ft £hwick shot lower in Newcastle-upon- 
Tyne, incam rlur there is now only one m exigence in Britain {Plate jS)* in 
the work* of Associaicd Lead je Chewier (109/SJ 4156ft?). A shot tower dm 
stood near Waterloo Bridge. London, was pulled dawn soon after the 
fipsrivj] of Britain hi 1951. 

OTMEft N O K-FERRO US MJETAL^ 

Ot rhe other non-terror metals which have been worked or processed in 
Britain, aluminium is perhaps rhe most important. A relative!) 'modem* 
metal, it was considered temi-prcciou* -is recently as the sBpO* and a century 
ago fetched £3 per ounce, The micnbive demand for tile metal* created 
particularly hy the wartime aircraft industry, has made n the most important 
alter itou/iiecl. The smelting irnhutr% sti Britain uses imported bauxite (the 
ore, hydrated aluminumi oxide] and because the process is L’lectrical h is 
sited near sources of cheap electricity—foe instance* in the Highlands of 
Scotland where hydroelectric generation makes smelting more economical 
chan elsewhere. Ai with die 'melting cd copper in South Wales 1 50 years 
ago, the industry ts looted near its source of energy, 

Although early aluminium smelters may only now becoming within the 
province oi nitiustrul archaeological investigation, gold mimng installstium 
in Whiles provide a surprising wealth of site evidence. The gold mining 
industry w.la largely concentrated in Meriimethshirc north of die River 
Mawd-dach, and in Coriiiarthcnshirc, Ar Do failed thi m Orman bcnsli ire, 
where the Romani had mined gold, there were revivals of activity in jyio 
and the 19JOS* the site (iifr/SM k-itig finaliy abandoned in 1940. 

Although remains qf the Roman workings, including an ad h and svaiercottrsc. 
can still be seen, the only evidence or the recent mining is a concrete capped 
dull. At (.pwynlynydd (lift SIJ 7 jfi 7 j) Jii Merioneth, however* there are 
substantial remains of die ort- concentration plant „ uirh steel pipe* which 
brought water to ,l mrhsm, parr ot which eIE survives, and walk surrounding 
extensive working levels. The mine was worked from a Humber of levels, 
and there u a substantial headframe in one of them used for winding up 
and down ah inclined shaft from levels lower down. Near rhe entrance to one 
ot these adit levels is the strong room (ttg/'SH 7371S2) where gold wat 
stored before being transported m the mill- Tlie site was first worked in 
likia* reached us peak output in the 1901-4 period and finally doted in 193S. 
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The iron industry, on which so much of Britain’s industrial growth depen¬ 
ded, relied on basic raw materials taken out of die ground—iron ore. lime- 
stone and coal for i nking. So rent did non-fcmmi metal industries like those 
of tin, copper, line and lead. All these metal extraction industries, and rheir 
concomitant processing and refining, underwent radical e .lunges in scale 
and technology during the Industrial Revolution period, which makes them 
a legitimate area of study for the industrial archaeologist, There were, 
however, other extractive industries, and manufacturing industries based on 
mineral or <3named raw materials, which also gained in importance during 
the umc period. They used mm -metallic raw materials, rmulity none and 
clay. Hie stone industry, based largely *>n ijiuirying, was a traditional one 
which underwent more change as a result of increasing scale of operation 
chan major advances in extractive technology. The products of quarry rug 
in the form of stone tor building continued to be used in the traditional 
manner, The main effects .it iikimmajiviiion were to create enormous new 
demands qsi certain specialised sectors of the quarrying industry-tor roofing 
slates Iroiii North Wales, for example—and it is these aspect* of the industry 
on which tilts chapter will concern rate. Similarly demand lor bricks, cement 
ansi later concrete was greatly uiinuUed by the building activity associated 
with industrialisation. The porters and glass industries also based on raw 
materials out of the ground, expanded enormously amj dr v eloped new 
technologies. Til tile pottery industry, and largely n a testtli of the organisa¬ 
tional innovations of JwtaJt Wedgwood (1730-45), nor only were new 
mainifacmring techniques introduced tut a whole new approach to the 
basis of employment of workers akin to a ’production line' was slevivcd, svitli 
specialist craftsmen cadi engaged on a limited area of the production process, 

STONE A Nil Cl At rm BUUSlNn 

Even before rhe ’trampon revolution’. which occurred in parallel with the 
development of t mh ii tri a lfc i ri on, stone was carried enormous distances from 
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the quarry to die place where ir was used—Chpsfmn stone front Rut Land tut 
Windsor Castle, Pur Seek 'marble' to D urham and many other cathedral*. 
Wuh die completion of die Avon Navigation in 172?, Bath stone became 
even mine extendvd y used, iti London and Dubhr, fur example, and in die 
t7ios Ralph Allen hutlr one of the first railways, to connect tus Combe 
Down quarries overlooking Uadi with die River Avon link to the outside 
w orld, I he nineteenth century saw rhe real expansion of this long-distance 
transport of Slone. ! lie growth •'! London atom: cieaicd enormous demands 
tor stone, as re did for brick and slate also. Dartmoor granite was used for 
Rcrmies London Bridge m the r«>os, Rmlgettc't Victoria Embankment 
came largely from the quarries of Lundy Island, and Portland stone, .dreads 
well established for the public buildings of the metropolis, became uniquely 
associated with the impenalist architectural lours tie forte of die Edwardian 
era. 

Most stone is quarried. as opposed to being turned, and quarries, both 
working and abandoned, often yield useful uiformation for the unhutxidi 
archaeologist. Cranes, primitive railways, rock-sawing equipment, and 
timous little brick-or stone-built powder houses are aiming the -tire evidence 
to be found in disused stone qunties, which very otter contain ar least some 
odn-r abandoned equipment too. Asandstone quarry in Bebingttm Cheshire 
(109/SJ jiyffrs), for exam pic. possesses fish belly rails uu stone deepen, 
thought to be pan of die original track of the Liverpool ft Manchester 
Railway and, until recently, there wan also a Seam-powered rock saw built 
111 Vermont* USA 

In toniosr 10 most buililmg stance Eaik uonc ka* since thr tS$o* usually 
been mined in underground galleries, mans of great me. Only one. the 
Monks Bark rustic, is Mill in operation, but remains of others exist at Box and 
cprcham Hie stone occurs tn beds over loll thick, winch were reached bv 
shaits ami itlcftncs. 1 lie method of working wa\ ill effect, the 'pillar and 
stall tcclutique in that huge stone pillars were left in die workings to support 
the. root as nulling proceeded. Hie Bath stone was taken out ill large blocks 
which were, until the sawn by hand, hut today a coal-cuititig machine 

is used. 

Of all foe building materials quarried in the Rnhdi tslej, Welsh slate has 
perliapi had the most geographically widespread use and its extraction has 
produced some strikingly spectacular landscapes of lunar quality, Before 
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about i $20 North Wales stare was mamh used locally, bur with the develop¬ 
ment of the canal network in England Mid later of railways the easily w on 
md highly tractable slate became the cheapest available roofing material over 
most of Britain. Huge quantities left North Walts on coast.li ids nonets and 
by rail to cover acres of rooftops itt every industrial town and city. Duly in 
areas surh a^thc Wc^r (tiding of Yorkshire. Coliywcstoji m Lincolnshire and 
Slimesticld us Oxfordshire could locally available "slates 1 —in I set they ate 
laminar limestone—hold their qwil Welsh slates, And. to a lesser extent 
Westmorland ikies, were both cheap to quarry and Urns and could be 
provided irt accurate sizes o± absolutely uniform quality which* in addition 
to die fact that they urefe relatively thin* made them ideal for the hundreds 
o t thousands of standardised workers* houses which were being built 
throughout the nineteenth century 

Several parrs of Noah Wales even today k are Mill coral ly dominated by 
the date industry, which once ilirtved there hut i* no is atm rwt dead. The 
huge IVwhyn complex f iot/SH 6165) glowers over Ikthruta and tile 
entrance to Nam ffrancsni, massive piles of waste spilling over from the 
working Jeveta high above die floor of the valley* and Blaenau Ffestiniog 
(109/SH 7040) is almost surrounded on the north and east by old quarry 
workings, together with underground mines. Perhaps die most speciaeuljr 
and, ro the industrial archaeologist, one of the most interesting areas of 
slate working is to die south-east of Uyn Itadam. in the Dmorwic Quarry at 
Citfikeh Ddu, Llaubcm (107/SH 5960). Here the North Wale* Quarrying 
Museum lias been iet up, under the care of the National Museum of Wales, 
in the quarry w orkshop buildings, 

Fim worked in rflo?, die Dinonvic Quarry (Plate like other? in 
Caernarvonshire. enjoyed its greatest prosperity hi she latter pan of the 
nineteenth century, peak output bang reached in 1900. when some 3,000 
men were employed The workshop buildings were erected m 1&70 around 
a quadrangle, the main miwnce bang through a centra) archway surmoutued 
by a dock with 1 face of state. Behind towers die quarry, with temee upon 
terrace of workings reaching up front the sham of Llyn Pacbm 1,400 ft 10 
tbe top of finiir. It closed in 

The museum occupies the old workshops or, 10 be more accurate, the 
old workshops ore the museum, for they are little changed Irani when they 
w ere in use, and coaubi much of the original equipment. A woodworking 
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shop. pitccrti shop, foundries, fitting shop* and locomotive sheds 

made tile tjuarriei almost completely fdtHtiflfcfeat, ciiihlttig the company 
so manufacture and maintain almost everything it requited for the quarrying, 
dressing and transport of the slate. All the machines were driven by Ini c- 
dufting from * single waterwheel of 50ft jin Jiameter and 80 bp, which wis 
file sole prime mover from to 1925. when it wai replaced by a Pdton 
wheel that sin I drives some of the machinery, The foundry, dominated by j 
huge lurid-operated wooden crane o! i S72, looks as it did when working, 
with wooden patterns hid out for gear Wheels, locomotive svlieels. turn- 
tables and numerous smaller items. At the four blacksmith^ hearths all the 
hand tools for the quarry were made. The machine shop 1 m lathes, 1 slotting 
nudiine iiiiii a drill, most dating from earlv this century. Slate-sawing 
tables Can he seen and other aspects of the slate-dressing industry Ate to he 
included as the museum develops. Outside a section ol narrow gauge 
railway along the shores of Uvn Pad am has been reinstated by a private 
company ro carry pa*icttgcrs. 

Although Welsh slates were almost universal roofing material for die 
houses and factories of iiineiamth-ccntury indusrnai Britain, by Jar die 
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majority of those buildings were built of bock rather dun .tone. Only in 
specific areas ot Pennine Yorks hire and Lancashire did stone continue almost 
throughout. and even here invading terraces of red brick can often be seen, 
Five where bricks were used for everything, the whole of the MiJJaiwh 
Midlist rial area and all Lumion kit the conic being built of burnt day from 
hundreds ot buck-day pits. It is in s way remark able tbit something as 
large as a (muse is bin ft of something as small as a brick but, as a manu¬ 
factured building unit, the brick bad and still bat a lot to offer, of which 
couwnieiiu ot handling tv ihc most important. being related to what a 
bricklayer can hold cnmlnrtjbly in one hand. The size of bticks has thus 
remained remarkably consistent A curious exception were rite bticks nude 
hy Sir Joseph Wilkes u his Mtusham brickworks in l,eh esiershire during the 
<7pwii> an auenipi i<‘ beat the hiick rax introduced in 1784. Known locally 
as Wilkes Gobs, these bricks. a I must twice rhe si /.? of normal ones, con still 
be seen m a number of houses in Meadum (iio/SK and nearby 

villages 

Wilke i Gol» were utily uiccewiul for t ,hntt time-, as m iSoj bricks 
brger than join hy yin by jin paid double the ux. The rate of duty was 
substantial, starting in 1784 at 2s<»d pet 1.000 and reaching jsin iSoj. when 
tiles were also included In 1 Bjj the tile Ux was repealed but 2 years later the 
duty cm common bricks was raised to S s toil pet i.tmo, All taxes on bricks 
were removed in t ffso. * considerable sacrifice of revenue by the government, 
which, in the year before rhe duty was repealed, edlctied charges cut i ,800 
milhun bricks. 

Throughout tile nineteenth century brick making continued to be the 
highly localised industry which it had always been, located near its market 
as the result of heavy transport charges on articles of low unit cow. Clay 
sit liable for brick miking is widespread and, at these days are very varied, 
even in an indtwrml England, where uni fortuity was almost applauded m 
ordinary buildings, bnck-liiii.lt homes exhibit a surprising diversity of 
colour and texture. 

Mcclvintsanori of die buck-making process occurred progressively 
tlwouglrnui die nineteenth century.although some of the fine improvements, 
inch as the compacting oft lay under toilers, were introduced in tlie middle of 
die eighteenth. Ar that date hncki were hand-moulded and often tired 
in damps m w hich the newly dried ‘green' bricks were slacked wtih layers 
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ot ikcl cual under a layer of earth. Laic^ updraught kdm wm used, the 
brich being backed m ,1 chamber with .1 rite below; ictnperarpm were much 
higher, greater vknficaiion of [he thy occurred and stronger and more 
durable bricks rcstthetL At with kiln* for linu china, there it great variety 
to be found in the types of kifn built fur brick and tile liring, both tmer- 
mittmt and continuous. The main problem with brick firing was that 
it was batch proCKs, both expensive in fuel .uid time. The breakthrough 
came w ith die introduction in $£5# of a form nt eonrinuom kiln hy ihe 
Gem Lin engineer Friedrich Hoffman i(i&ttt-i$oo}. The Huffman kiln was 
Circular, wirh a tall ceil real chimney, and consisted of a senes of raduimg 
chambers which could be charged < fired am! Lin loaded lii a continuous 
succession Tire gii flow was &o arranged dui the exhaust from the bank 
being rired dned the h green' bricks in the next bank mJ jir pacing over fired 
bricks 111 previous chambers cooled them, white providing preheated air 
for die chamber bring hied, Klim of tliii cvf\- are now becoming rare in 
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Pntain; tcnuim of eac can be sects at GfenCaise, Pcrthdwrc s/NO i93*orf)p 

mJ i very Urge example was demolished rcccniJy at Donningtom Shrop¬ 
shire although a film of its tiperarkm tv held by the Lrmibridge Gorge 
Museum. Bricki miking. together with roof tile manufacture, b one of the 
industries well represented in the Hast Shropshire coaEfichl and one winch 
this museum n amritnu to have represented. A small brick and rile works at 
the Elms Hill Open Air Mu&utn is currently being festered, ** i* die adjacent 
diy pit winding gear. A roof tile drying floor with underfloor HtJdv has been 
reconstructed and a number of rile presses, wliith look rather like the fly- 
presse* set!ti in engineering works* have km testored to working condition. 
Two circular Hoffmans dating from tM and 1873 at William lliomu’s 
works at Wellington, Somerset* arc unlikely to survive long, but the owners 
fiave corporateJ with local iudustrid archaeologists to ensure proper 
recording. 

Another aspect of die rile industry which enjoyed enormous murk els in 
the second half of the nineteenth century was the manufacture of decora rive 
wall and floor riles. Two of the largest makers Maws and Craven DurmilL 
bad their works at jack hr id in the honbridge Gorge, and although the 
industry here is now extinct, bod dings still survive and the companies' 
products; can be seen in profusion in local Inn Id mgs. Maws were ua tact the 
largest rife manufiieturm in ihe world at the end of the nineteenth century, 
producing floor and wall riles which appear In nantanformbt chapels, 
bmeherv' and game shops and vtarinm on ihc London Underground They 
were responsible lor introducing the steam-driven nlc press m Odier 

major tile makers included! Minton. Copeland and Don Item although the 
latter had a greater reputation for nuking terracotta, a material fired at a 
high Temperature which could be moulded to nuricate dupe*. Ungfetzed 
tcrr.icora and die glared larencc varieties were beloved of architects ought 
ott the crest of the wave of Gothic revival. Without the ingenuity of the 
Victorian brick and nlc maker*, we would not have, or would have been 
spared, die Albert Memorial, Kcble College Chapel and the Mid fend Hotel, 
Manchester 

One remaining aspect of the building materials industry demands attention 
—tbr manufacture uf cement and concrete- The huge increase in building 
works created a need not onh for cement 10r ordinary consmiriional 
purposes but for hydraulic cements which would set in the absence of air. 
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fo the early ninraemh century there were numerous exalted ' Roman 1 
cements available, maker; being stimulated by the London Hud ding Act 
of 1774. which encouraged stucco Facing* for buildings, hui more by the 
demands of canal, harbour and railway engineers, ParkerS cement was one 
of the better patent 'Roman* cements and was used by Thom as Telford in the 
eomrructfoii of Chirk Aqueduct (118/SJ ZK7373} because of its water- 
fcusuiiE properties, It was also employed by Mart, tsambard Brunei (1769- 
1SS49) tor the Thames Tunnel (itit/TQ 351&Q0}. 

flic first lealK strong cement cunc in 1824 when Joseph Aspdin (1779- 
1 ^ 55 ) patented a mixture called Portland ncmcni, the name deriving not 
from any connection with Portland but probably from a desire to take 
advantage of the implied quality which the name Portland gave, Portland 
cement was at once a success. It was made by firing a day and lime mixture 
at ven high temperature it! a rype of bottle kiln quite unlike traditional 
limekilns. 

Limekilns are amongst the most familiar and least studied of industrial 
arckieologrcd sites. The majority were simply tor burning lime for agri-* 
culture I purposes, but these were usually small kilns often only a few feet 
flight. Examination of a large-scale map of an area uich a* lilc Mendipt 
reveals j limekiln in the comer of almost every held; exploration on the 
ground usually produces little more than ji pile ot tough stones. Coastal 
Mies were quite common, too, and the North Devon anti Somerset coasts 
have numerous limekiln* which relied on South Wales coil brought across 
the Bristol Channel tu filing trows. Some of die Somerset kiln* were on the 
foreshore; ihr (row ran up on to the heath, stayed there over low water 
while its coal was unln,tiled into honedraivn carts, and left oti the follow jpg 
tide Although many (urge kilns were built for burning agricuftirral lime, 
most were for makmg lime cement. Tbit) are frequently found built <1110 
hillsides, in much ihc uni c manner ^ w ere blast furnace; in the eighteenth 
century, taking advantage of the high ground Jt the luck for charging in the 
raw mater: aEs and ihc low front tor withdrawing the burnt lime. Large 
numbers of tins type of furnace cjri be found associated with limestone 
quarried along Wei dock Edge in Shropshire. A particular! s well preserved 
group (Plate 41) stand* in the designated site sd (he lilack Countr y Museum, 
Dudley (n [/SO 949917}* alongside ihc A4 123 Birmingham to Wolverhamp¬ 
ton road. These kdtis, dramatically depicted by J. M. W Turner 1 so years 



41 Umpkilrt built m 1K4J nu iht site lU elir Dlark Country Open Air Mtuetmi* 
Dudley 


ago* were served by their own branch from tke nearby can^ which provided 
in outlet fbi the lime. A much mure modem kilo (Plate 42} of tile split-shaft 
type standi ji Beiehwoith hi Surrey (170/TQ £08j 14J. 

Although concrete* consisting of a ccmcm matrix and an aggregate of 
stones. *s often regarded is a wholly modem material. it I1.1J its origins 
it last 2*000 years ago when it was med in Roman bridges and other 
engineering works.. Mas* lime canerese continued to he used mtomiuently 
for foundations, and in sea walls and breakwaters* until the ainttecttfJi 
century, when the first mem pcs were made to develop its potential further. 
From die i8j(» Portland consent wji in ere single used ityiteid .if the older 
lime cement 1 and* although this created problems because setting wm so 
much more rapid, the vastly improved strength of the newer material 
mmubted numerous experiments in the application of concrete for budding 
and civil cngineeriiiig. Throughout the second half of the miutrenth century 
attempts wete nude, jurtictikrly in France, to develop concrete building 
techniques and eventually two rival Frcnchmcm Edmond Cnjgnet 
191$) and Francois Hennehique flS-p* 1 $2l), perfected concrete con- 
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>micrion systems for commercial use, Cotguct developed the pioM*rtng 
'.vork yt Iils fjtlirr. transit who propp ed reinforcing the 

concrete with iron prid* ^tnl l"Kr.um and from 1890 onward* patented the use 
of reinforced conmxc tor pipes, iiinnds* precise beam* and piles. The 
Heniiclmjuc system was introduced ro Britain when L. G MouchcJ opened 
m office in London in x&sfi to exploit it under licence, li embraced coEumm, 
hfJim. doors and walls, .ill in reinforced concrete, and had no rival in 
until Coignei introduced Ins system lit 1904. 

LarJv reinforced concrete structures ire surprisingly rare am] life seldom 
appreciated for wlsat they are One of die first large eoncrcte-f rimed 
buildings, cotmnjctcd on die Coignet principle,, stands iumt Hie uatraiice 
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to Bristol dock* where three native brick-cUd tobacco bitiitii. dominate 
the river {156/ST 567723). while j very early reinforced concrete bridge, 
the Free Bmlgc of tyoH [t 19/SJ 683031), crosses the Severn only [ miJe 
downstream from the pioneer iron bridge of 1779. Wl1.1t is perl ups the 
lir a concrete bridge sn Britain, although nude of fttim imiut etc with em 
ran tor cement dates from the iSfles and crosses the River Axe a I Seaton 
in Devon f 1 77/S Y 253900). 


fOTTfiiv 

As with ihc manufacture of bn eh* and ides, the pottery industry rdics on 
days which are fired in a kiln until vitrification occunL The simplest possible 
classification would group pottery into earthenware, stoneware acid pbret- 
Lin, depending oft the temperature of firing and quality of the day and 
additional ingredients. Glaze* are used for most pottery to make it 1111 - 
pcmieable and to produce decorative effect*- Mmy are based oti si lie j 
associated with other motcrult: thus kid glaze is sslicit and litharge, while 
others incorporate filica with alumina or fell par. [ he glaze is rn effect, -j 
thin layer ol glass tused on tv the surface. Earthenware on the other hand, 
which is used tor drain -ntJ sewer pip^ iniuug u tlier tilings, was until 
recently glazed with commit salt thrown into the kiln and allowed to 
vitrify on the articles being fired. 

Chy suitable far pottery making 1* widespread m occurrence although 
widely variable m quality. Tnvariably, however, it requires prefriratiiu-m 
before it on be used. The first prams it usually ont of‘blunging", in which 
the day i* mixed with large quantities of water that is then sieved oti from 
the resulting «apq»im. When in a stiff plastic form, ■[ ih tlitn Wedged 1 , 
ic large pieces are thrown on top of each other to remove the air bubbles. 
Once in j suitable ms* for working, it may lie used m three possible ways 
to make * pot. Firmly it can be froed. in us pWc sure, into a mould: 
secondly it can be thrown on a wheel; and thirdly it can be reduced to a 
liquid sludge and poured into a mould. The finished piece of pottery i* then 
fired in j kiln to produce virrifu ation of the day and. at high temperature* 
impermeability* At lower firing temperatures glaring u essential. 

Although clay hit eatthcnwart and stoneware w fairly widespread in its 
distribution. the raw materials of porcelain, the finest ivpr of ceramic 
occm only in limited ireas. During the seventeen! h century Chinese pnj> 
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eclim was being imported into Europe in increasing quentities, largely as Hie 
result of trading connection* Forged by the Dutch Ent India Company afrer 
its formadou m 1609, The properties of Chinese porcelain, fine quality And 
whiteness. were it that date unattainable m Europe, but by ihc mid-seven¬ 
teenth century' Were being imitated m Delft by the use of j soft clay body 
covered with tin emmet By rite latter part of the century tiu* wm, in its 
rum, being imitated in England at Bristol, Lambeth and Liverpool, Distinct 
mil independent lines of development are then dtsceitiiUe in the evolution 
of tine pottery* with, titj the one hand the continued production ot this i>lassv, 
inti pavre imitation porrcUin* and <m the other rhe production ot true 
European porcelain, A third quite specific innovttipn. confined to England* 
wm the production of bone dlkm 

flie discover) 1 in Europe of the technique of making retd hard porcelain 
represents -one of those cunous hut by no means unique instances ot .1 
simultaneous technological imiovairan occurring in more than one place 
li the result of similar, but uneonmtcJ, thought processes Fried rich 
Botrgcr working ill Meissen, near Dresden, had pioneered the 

use oi china day (kaolin} fused with a calcareous flux (marble 01 jLibauvr) 
at temperatures up to 1,40c C md oil the basis of Ills work Meissen por¬ 
celain became cupreine, .rnd .« dosd> guarded secret. In France the manu¬ 
facture of pored tin began 11 Sivvcs in 17*8 J> Hie result of pershu iu expcti- 
merits pur^ect by I 1 j. Maoqucr (niK-ti*), while in the yitic year the 
mJcpendcur experiment* begun sit 174 s bv WiliuJJi Gwkwoctliy (1 735 - 
a Plymouth chemist, limited in the gr.mEiug ot the first English patent 
for true porcelain. He started irurnilhcturc in Plymouth using local umber 
is his fud but moved to Bristol m 1770 10 take ad vintage ot pleruiliil coal 
supplies. I{> die 17H01S. tlu j] a terns, which had been taken over in Bristol by 
Richard Champion (174}-^). being challenged and porcelain manii- 
ficture began in Staffordshire One ot these Staffordshire potters was 
Josiah Wedgwood, 

The mineral which provided ilk- key to the porcelain secret was kaolin, 
the product of decomposition of gram re, Flic components ol granite are 
quart?, mtes and felspar and jc is a decomposition of the felspar (a I 11 mini uni 
silicate) by a prtxc^ known as kaohmsatioii which produces china clay. 
Must of the china day found in Britain Im come From the granite massif of 
Hcnsb.irrow, north of St Austell in Com walk but ahe her Moor area 011 the 
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dopes of Dartmoor above Plymouth has also been important. As tarsi 
muffin mi supplies coil Id be found in *mill pin close to tile sulfa re, bur .1* 
these became worked ous ,md as demand grew, much larger and deeper 
day excavations were earned out, rcadimg in recent years depths in excess 
uf 400ft, B) the tmd-nmctecudi century lmge quaittitie* were being sent to 
continental Europe, notably Hamburg and Antwerp, but ike largest Singh? 
market was Staffordshire, which by then had become firmly established as 
die pottery centre ofBrium* The siting of the industry her c, at Midi a long 
diitancc from the huucc of day, 1% explained largely by supplies of fuel 
The pottery' industry is to a great extern located near m fuel supplies, which 
in this case was Staffordshire coal: the addmorul pull of tins ,irc.i was the 
already established tradition of pottery manufacture based on locally 
available dayv 

To the industrial archaeologist the china clay area of Cornwall] provides 
perhaps the most extreme example of a landscape of earlier exploitation, 
with huge pits separated b\ glistening white rip. of the mica waste 
washed from the kaolin. Despite this, it is 4 man-made landscape which, 
perhaps more tiuih any other, hai *urk ilmost ghostly drama and magni¬ 
ficence about it. like die an mine cugi lied louses chew here in die county, 
die clay wikre tip^ of St Austell are now 4 hall mark of the Cornish tamWape 

Evidence of 1 lie day processing can lie seen m a number of places but 
nowhere is The range of equipment as complete as at Wheal Many 11 (184/SX 
QQ 4 Z 5 $h west of the Aj&f Sf Austdl to Bodmin road. Closed hi i^ F this is 
perhaps die last small family clay wetting in Cornwall where all die mrricuc 
hydraulic process contacted with the scparabqn and settling on still 
be seen complete. On the site t* a 23ft diameter overshot waterwheel which 
by means ot a crank drove a flat connecting rod that operated a pump 
(hrough a bellcrank. This pump lifted the day slurry and allowed it to 
flow through mica drags, from which the refined liquid gravitated m 
settling tatiki and finally kiln ranks. As the water evaporated, the cljy 
thickened ami was finally spread nn 4 floor; below which were Hues from a 
cnA tire After drying for some libr die day wa* cm from tire pm and 
thrown into a storage shed alongside known as the hnhay. The Wheal 
Marryn site h Hirprmngly complete* and, in add mu 11 tf> the equipment 
listed above, a large 15 ft diameter waterwheel used to operate, by me am of 
flat rods, ju other pump 2,ooott iway. Sluirtly before u closed, Wheal 
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Minyn passed from the ownership of the Murcyn (amity, who bougie 
the ike in 1790, tep English China Clay*. which intends 10 develop there 411 
open air museum bud on the conservation in smi of th* surviving remains, 
hi addition a number of other sites arc being preserved* including, a: Park- 
jnJiUack tLyworkiiitjr St Denim {<*>,■SU r 9455^)* J win beam pumping 
engine of 185a complete with Cornish botlcrs and dog s pawmarks east 
mio dir iron beam! West at the engine 1$ a 'button-hole bunder , or wooden 
box comaining a number of plugs tor dramme tlie pit. and an extensive 
series of mhm 

Two other dayworks" pumping engines survive in Cornwall in addition 
to die ftoitownck lain engine preserved in Holman s Museum in Cam¬ 
borne, Otic* itiU in ita original engine-house at Cjwdvkm (1S5/SW $ 4753 *)* 
is 2 join Cornish beam pumping engine ot tfeoj, and [hr other Im inen 
removed from its original site .11 Grettupbtt Clayworkf, Garth rw (tSj^SW 
9 P?$m)' Jiid re^creclesJ iti a park-rnm*ntusciun open jlf sue at U vndron 
Forge (ifytyfSW tflO}n)- Another rare survival ac Slip Ghinutonr Qua try, 
also ai Goonvean. U an overhead 3mat ropeway still used for raising clay 
out of s 2 $oi\ Jeep pit. 

Having examined the origins of kaolin, die raw material ot die puneLim 
industry, let us consider ihe production end ot the pracw and itt p-urraculjr 
ihe main centre of pottery making in Britain—[he l hve towns of North 
StoffoT Jihiu Lemi'- J on Siukt-un-Tirni, When in 17S2 hard paste porcelain 
iv fmt made ar New Hall fnuf Slid tom SiaHbriiJurc wis already well 
established .is a pottery*making centre. There: was coal, a wide v.iriery of 
days and a firm tradition of porting Lven in the late sixteenth century 
Hitrtleiii and Hjnlrv were producing jafs„ bottles and bntter-pocs* \c2d- 
gbzed and fiml with road dug by the po£ter> rlieniselves, Uv die ifi8o> a 
wcond method of glazing became available with the introduction of salt 
glaze front the Lou Countries; hut neither ot these processes* when applied 
over the common brown clay ot the -irea ¥ resulted in a prod lice with foe 
appeal of Delft- Pol* Slid tun clays svere used ui the fust steps towards a 
liner whittsbodied ware, and eventually a tine white ult-giiiEcd none ware 
evolved from a vvlutc-bunimg clay mixed with fine gru and sand, h enjoyed 
great popularity during die eighteenth centurw being hatd t translucent 
and as near to parrel ail* as cm lid be rwcfcfd Nun o( the tea l thing John 
Astburv Jt(i8(t-t74|J was instrumental 111 developing this wue and also 
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tn utilising ground hint (silica) in ihr body material at a whrierier. Initially the 
rlsrii wyi ground dry under stamp* rather like those used in Cornwall for 
ccndlmg Tin "Ti\ bur the probttniu of silica getting mio the fungi ot men 
svorking the Crushers soon resulted in tile development ot a process for 
grinding underwater. 

One ol fbese Aim nulls ri pirscrscd in opmtional condition at CheddletXMi 
m Staffordshire 0 jo/ SJ g?4$2s). Hie original null on this site was built as a 
com null, certainly before and probably much earlier. The present 
North Mill building dates from the 1-50* ot r tOcu. and vva* probably built 
by the iainmi* mill wright and canal engineer James Brindley (1716-71). In 
the t 770s the original mill, by boss known as South Mill, was convened tor 
thru grinding also. T wo undershot sv jterwheds driven by the- River Cliumei 
provide power for the grinding machinery, while set into dir bank of the 
nearby Cal don Canal are kilns for calcining the linn. The Flint Mill Preser¬ 
vation Trust was formed in May tgrt? and the null opened to the public 
in April rgtig, 

Despite all these attempt* during the ■ ightecnih century ro produce a 
superior form ot stoneware* it was not until she introduction of teal hard- 
pasic porcelain, bawd on china clay, m tile 1780s due Staffcirdilikc began to 
produce wares of the highest quality. Even ihr introduction of fliiv new 
•edmiqne might nut have brought Swftonhltirc real litnc and fortune had it 
not (wen for the entrepreneurial skill and orgamrarionaJ ability of Jonah 
Wedgwood (i7]0^)S). 

Brought up as 4 potter, Wedgwood set up on hi* own .lecoiuit At Burdens 
in $7<% One nf lib itmi.il surer vk's w.w a fine gram-glazed ware, which hr 
followed up by an improved stoneware evolved from earlier cream wards* 
Having obtained ropl pa iron age* lie called ii Queen's ware and it was soon 
being made in dozens of potteries and used all over the country, Wedgwood 
never looked hack With newly introduced steam power to drive Hint milts 
and lathes lor producing refined shapes, the Staffordshire pottery industry 
wai 011 r he w F a\ towards rapid and large-scale expand Eon. But the expats si oil 
was not bwd solely mil ni^ hmtitarion an,! increased demand. Wedgwood 
developed 4 ness works ;ie Emtrri its which to develop nsctbni^J pottery 
maiiutanure. but he realized due in optima*? the benefits which powered 
machinery J Horded he had to press the division of bbotir to the maximum, 
svitli each distinct process s dent died and sirpjriSted, Hr aimed at a production 
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line process ih which individual craftsmen expressed their skill in 4 limited 
field H arguing that this afforded them greater opportunities for developing 
their latent abilities. The specidi.sation within the labour force wrn geared to 
a graded pay structure ranging from 41s per week for in experienced 
modeller to is a week for the least skilled. There can be little doubt that 
Wedgwood's triendship with Matthew Boulton (172^-180$), the entre¬ 
preneurial half of the partnership with J auto Wait, stimulated many of the 
ideas he introduced. By die rime of Wedgwood's death in 179s the industrial 
revolution in the pottery industry was 111 lull flood* 

To travel through 'The Potteries' only ±S years ago was an experience 
shattering to the eye and the nose Hundred upon hundred of bott!c*ihaped 
kdfts stuck up through the skyline ol smoke-blackened terrace homey. 
Today almost all those boiile kilth have disappeared as the industry has 
rationalised and adapted new techniques. Tunnel kilns, completely aiiti*- 
mated m their Operation, have tup faced the long established "potbaukd with 
their bottle ovens and uncomplicated processes. As a result of this change, 
■md in order to try and preserve soitittkmg of the old methods, the Stafford- 


41 C>Lihtcw Pottery. t.u«g- 
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by ehc ivijffiiniiliire Pmtrrv 
industry Pum to ikm Tout 























ST USE, I..LA1 AND GL All 


ifctkfc Pottery Industry Preservation Trust was set np with rhc specific 
objective «f saving fmtn Jenin] j cion CtadstoTic Pottery (Pliio 4J-4) 111 
Longtvm (no/Mj o r’414). Hie aim here is to create j museum tn ihc existing 
buddings, the best surviving example ofc a pot hank. scarcely touched by 
tivcntJcdiHcetitury technology, where die old processes arc being carded out. 
Displays include not only die products bin jko contemporary infor¬ 
mation on the strppls of material* mid distribution of IbUbcd warrv. A 
project somewhat uinikir in concept is scheduled hit another early group 
jjf pottery buildings at Cod port on the banks of the River Severn in Shrop¬ 
shire ( e 19/Sj 695024}. Here ihc Iron bridge Gorge Museum Trust nuemfv ro 
restore the works, together with then bottle kilns, where Coalpatf chsrs.i 
wit made from the inUi-eighteentli ccnmry down to the 1920& ThcCoalpon 
company moved to Stoke and is now pan ni the Wedgwood Croup 
but 1 he original pottery survives uilntantulh intact and will be used as a 
museum illustrating .ill aspect ot the day industries of the [ronhndgi: 
Gorge, ranging from Coal port china to decorative door anti wall tiics. 
The craftsman potter already esublfrhed at the Blivn Hill Open Air Museum 
will move to Coal port, where the ptocewei of manufacture of porcelain 
will also b* demonstrated. 


The earliest man-made gtavs dans from about 4£QO at, when n was Used 
in Egypt and Mesopotamia, as a gbzc for beads. By 150a &c lid low glx& 
vessch were in use; they were probably made around .1 day core which was 
chipped away when the molten glass bad wilklihrd- Ai -ibout the vituc date 
iinail objects* cueh as pieces of jewellery* were being made in glass by 
pressing between 4! iv moulds and I limbing be grinding ,sml p<rfUliirtg wj> 
also becoming common. The liigli tetnperntdtts necessary to smelt the raw 
materiaUfor glass were achieved in ritufile fattttcs the glass being contained 
m a crucible made of a refractory substance such as ciay that had a higher 
melting point tlum ihc itself Pussibh m tSic hrst century rc month 
blowing of glass* living a blowing iron, vvjv introduced, and this remained 
the main method of ghw* forming for neatly 2 ,cm yean. Blown glasv v ryich 

u Pintle ikvctn jt Gladstone PotttSy* ■me of the few remaining ^cbaciki where 
theie ohK commun ic^tuio of the Potterb iiill wtfviVi 
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of Rom an origin are quite co mmom md is was probably during ihc Roman 
occupation that glaw was first made in Britain. Traces of Homan glass 
furnaces have been found ar Wildetspool near Warrington and Caistor-by- 
Nbrwkk, Its the first century ad glflwnijkcts had mastered the art of making 
dear transparent glass, a great improvement over the earlier opaque types, 
and delicate colours could be consistently achieved by adding a variety of 
chemical ingredients. Giaaed windows were in use by the first century ad 
also, parnculjrEy m the north European areas of die Roman Empire. 

GLl- it j crypio--ery walls Me uihtcanec -utidified from .1 variety of inorganic 
rmtemh melted at high temperature, that i* its molecular structure does hot 
exin bit a crystalline pattern. Many different glas^. with propertied varying 
according to the raw materials used, arc made today, The main ingredient 
of almost all aminicr cully important gUu n silicon dioxide (SiOJf. often 
found in the form of vats if hi its pure state very high tempera lures (over 
i,SOQ’C) are necessary to fine silica, but glass which melts .u much lower 
tclnpentum c an be node by adding fluxing agents such as Soda jdi (N^CO*) 
ta the silica sand. The melting temperature can be reduced ns about Hog' C 
by adding 25 per cent of soda ash bin i[sc resulting ^ibviaqcc, waUTgliss 
fNa^SiOjj), os name implies, h soluble m water. Addition of a stabiliser 
such a* limestone (CaCO :i ) results in a non-Aolublc glass. An ordinary gLm 
battle or jar contains approximately 33 per cent sand, 23 per cent coda asb 
and 20 per ccni limrutmc. To awkt melting, 1 5-30 per cent of scrap gtass 
or ‘collet 1 of the correct composition is usually added tt> the ingredients, 
wind 1 arc known as the 1 batchy 

Silica-sotk-Jtmr glasses ate by £u die most mi pot Mm group in terms of 
tonnages produced and varict) of uses. The ingredient* are cheap and easily 
obtained* die g\^ t* w r cll suited to dipping and it has good dictnuctUrcssatasn 
proper!ccs. The colour of these glasses tends to be greenish,, a result of the 
natural iron content of most sand, and in die case of old bottle* where colour 
was 1 mimic rid the iron imparted m dnmsi opaque bliK Liil^gtcen appear¬ 
ance. The cheapest bottle glass. of tile eighteenth or nmeiecnth centuries was 
of this crude and unrefined type. In evidence presented to the commimcmm 
It an excise enquiry in xttjc it wm stated tbai the maieiith uacJ in common 
bottle glass were uni !^ap*trukcrt r w aste, limc% common ch\ and ground 
bricks, Flint gJas\ from which tableware was produced, contained pearl-ash. 
litharge or red lead, Lynn or Alum Ray sand (particularly low tn iron) or 
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'Yaftsliire stones burnt and pulverised*. 

Uad have a high refractive index and electrical resistivity, and 

consist primarily of silica sand with av bide Iran as pmstbte. potash and 
had oxide. High quality table glass ri made of lead glass, which, because 
its viscosity docs not increase at a rapid rate during cooling, is particularly 
suitable lor h and -made production; and also for engraving and carting, jn 
art thill became highly developed m the late eighteenth century. Since flic 
Jjic seventeenth century lead glass has been used and known as English 
crystal', ki constituents arc more expensive than those ot common glass, 
the amount of lead varying considerably—up to gz per cent ot lead oxide 
in some cases. A modern higlvpcrlanrnuiice ghtw composed id Idglt-purity 
silica sand and bone oxide is borosihcate glass. The bone oxide acts as a 
flux, permitting a reduction in llkah content tbit results in improved 
chemical stability and electrical propone*. Developed early this century to 
cope with die problem of rain on hot railway signal-lamp lenses* bom- 
srficarc glosses are now widely used where extreme Thermal conditions occur, 
and thdr low coefficient of expansion and durability makes them ideal for 
industrial use and for ordinary hrai-reiittatit domestic oven ware. Coloured 
glass is as old as glass jisdf bur method^ of production and know ledge at the 
chemical additives needed were at hrst crude ami unscientific. Empirical 
methods, however subject to variatmu in the qualify ot the Sinai product, 
produced, some spectacular results, ut which the rikh glowing bluet and 
reds of medieval church windows arc the most not able examples surviving 
today. 

There is little evidence available of ihe furnaces used by early gtassmokets* 
but Til co phi i us in Jus Dr vermin ,Tr//inrr Sahtifuhi of she twelfth century ui 
describes a rectangular furnace divided into two unequal parts: m die smaller 
'-ecuon tlie favi materials weft heated cu iorni 4 vitreous miss known as 
'frit', which was broken up and melted iu pots sunk in the hearth of the larger 
pan Oi the furnace, Agnosia in the mid-sixtedtuh ccnnirv d*o describes 
furnaces jn two parts: the ovtnr-shapcrd (fitting furnace, with [sots tor the 
n to I ten glass arranged louud a central hearth, and the annealing furnace, 
oblong in dupe with a small hearth below the door. Annealing is ait essential 
stage in the manufacture ol most glass* Ifecaiiisc o! its loss thermal con¬ 
ductivity, the mrfia ol glass cools and therefore shrinks mote quick!} and 
to a greater extent than the interior. If unchecked, enormous stresses would 
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he sec up wifhin the object leading 10 breakage bur tlm tan be avoided by 
■.km cooling Lf .i i on trolled rare. This is annealing, winch takes place in an 
oven or lehr, In a modem gibs* works, for ajmplc, burtlev pavs slowly 
through rlu- lehr on a conveyor be: It and over a period of so sue iht the 
temperature i* gradually reduced from about 5.40 C 
All early lumacec were fired bv wood* the wood dsh providing rile neces¬ 
sary alkaline rius. One example of a type of wood-fired furnace introduced 
m the imecnth century into lint fin by French and Flemish glass worker* 
survives almost in with It was discovered i?i 196! at Hosed lie m the North 
¥0rk .Oiln Mcmr i 1nJ bier n 10veJ to iht R vdcdaJe Fo! k M1 iseu lli , i I uttondr- 
Hole, near Hdmik-y, Yorks hue, %v licit 11 was pjmilly reeansmtcml and 
ss on view to the public (SfySE 705900). The Rose dale gl^ssworkers were 
perhaps the most isolated group among the numerous gktssmiking famibtt 
who l line to England in Urge tuiinbm in the tsto* and 1570s ami set up 
furnaces in the heavily wooded afeat of the W eald, uiJ in Hampshire and 
Staffordshire- Fig 26 illustrate - the probable original layout of the HofifdaJc 
furnace, which correspond* .lIjisosi exactly with furnaces in n\c in Northern 
France tti the hue dszaauh century , togiediem* lor the gl.i‘X wen heated 111 
clay crucibles made on ihesiu from locally available rby md baked in the 
side arches (F) of the furnace The wood Iml » n burnt mi the central hearth 
(A), and burning gases circulated mode the chamber and through linnet 
holes or lunettes (E) into die side or wing itches. Gla^s was, mdted to mtdhtov 
(C) and the glaitworkm ending at the tide of the furnace insetted their 
pipes into tin 1 molten glass through holey { 6 )* With the exception of a small 
access hole, these apertures would be stopped up with a clay filling during 
operation, the day being broken away to allow removal of the crucibles for 
reel urging. After fashioning, the gksa, which in the c.\w of the Koscdulc 
furnace ccmistrd largely ofdnnktog vessels, bowls and similar uteriub a w av 
annealed in the side arches, md these were also used lor fritting and heating 
tile crucibles. The temperature nf die wmg ardlt s could Ik controlled ici H unc 
estem by partially nr wholly closing the Jujiict holo from the hearth area. 
Probably many other furnaces of this pattern were set up, mainly in 
southern England, where umber supplies were reasonably plentiful. Cum- 
petition from the shipbuilding and iron industries waa growing, however, 
and in 1615 there Wat a Royal Prixbnufion forbidding gUssmakm to use 
wood for fuck Avail jbiluy of coal now 1 became the chief locational factor. 


STONE, CLAY AND GLASS 


*35 


THE ROSEDALE GLASS FURNACE 
Presumed plan at working level 
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toother with suitable sources of d.n and the convenience of transport 
systems. I he tir-t coaLfired furnaces were probably tnotHfieititmi of Ac 
Udsciilc jut ten i During the seventeenth century J distinct 1 v e .nul enm- 
plculv new type of coalirtd furnace wui developed m Eugl*ad t using the 
reverberatory process, in which the burning gases came into direct contact 
with glass in open crucibles, The Fn^lisii glassworks, ciwisiidttg ol j trun¬ 
cated cone up to Soft big It and with .» base diameter of some +o^$ah pro¬ 
vided the foundation for die industry on a large scale and Was copied 
in Europe also. So significant wasthis furnace tlu»« was included m Diderot's 
Encyfbptdu- in the hue cightertuli century , one of the Few piece- of Hriridt 
manuDriLirmti technology specifically mentioned The f ill ^otie luI filled . 
dual function, by providing cover for the gljssswcrfcen and j high level 
nutlet tor the furnace situated centrally wi its floor, The grate mas 3 t 
approximately ground level, with a combined flue and sth tumid running 
beneath it and extending actoss die building- flic hint ice Would have 
between four and ten glass pots, with ■< Hue between; each. Immediately 
abreast of each pot and between two fiuei was an apcttuic called the work¬ 
ing hale, used for introducing the raw materials and getting out the molten 
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The furnace was tired by coal shovelled through a satiate tire hole on to a 
grate hi rise centre. The Raines ni muohe were directed towards the side*, 
around the glass pms, and discharged up the ftues to escape into the centra) 
chimney of the cone itself A tcit-per rone consumed 18-414 tons 01" coal per 
week In addition 10 the principal furnace around which die gi.us blowers 
worked, there was ilso 1 imiil st.ibsuli.iry furnace or T glory hole* for softening 
vessel* during fabrication when they were too large to be healed in otic of 
the working hole*. A long gallery, rile lehr or annealing arch, opened je one 
end into the cone and the completed glassware was placed in this to cool 
gradually. 

The crucibles in which die glaw w«h melted had to be carefully made so 
prevent cracking in dir intense heat oi ilie fiimace add to re*isr the solvent 
action of molten glass. They were commonly made of five parts Stourbridge 
day, a very pure refractory day notably free from lime ami iron os ides, 
together with one pan burnt clay or *yjog' obtained fmui old crucible 
ground down to a powder 

Some five glass cones iriD survive in Britain, the most prominent rnouu^ 
meats of the eighteenth- and ninctemth-ceutury glaw industry The oldest 
of these, older indeed than any ether cone in Europe, is at Catdiffc near 
Sheffield 425KA7) It iu the bit survivor of least six glasshouses 

known to have been built rn the area in die eighteenth century at die height 
of die prosperity of the Smith Yorkshire glia* industry. The industry 
became established in the Hohtcrwnie area in die initLaeventcefirh century' 
and by 169* three glass licuot* were in operation—one near Ferrybridge, 
probably at Gbvi Houghton, and two near Silkstone. WiEliani Fetxdcy, work* 
manager at Botsicrstone, left there in 1740 with 1 workman named Clutter- 
ton to nan production in ids own works at Qtdiffr, io| miles to the south- 
ewtf. Two conn were erected and one of these survives, today * substantially 
complete, 60ft high and wuh a base diameter of some 40ft. It Lis recently 
been restored. Excavation of the fine beneath the cone, which contain* no 
remain* of the furnace «r mcShty buildings, has revealed that buttles 
were being nude there down to the early 1900* when C. Wilcocb & Co 
owned the works, kit Hint glass and jugs, vas« and disks, often decorated 
with Opaque white strtpes. were known to have been made at leavt A % la re 
a* the 1 870*. 

Of the numerous nthet gbw tnanufunuters established in South Yorkshire 
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during tlic nineteenth century rntlc else remains. ;i[though a firm originally 
e-itiblished ,n Wt.isbnKWgh Dale in iSj,S iwill active in Barnsley as W ood 
Bros Glass Co Lid. The oldest survivfng glass linn in the area, -bring from 
17j t and now known as Bcatson Clark be Co Ltd of Masborough. Rotherham, 
lus preserved many examples of the glassware produced ui t|ic nineteenth 
century, including very good rumples of glass engraving. 

in the North East, at Lemmgion, near Newcastjo^ipon-Tync. is another 
gkw . oty ItJONZ 184*46) which, although somewhat Liter in date than 
Caichtle, provides a visual reminder of the industry ihat became Itnpotnnr 
in the region from the early yean of ilic leventeciuh century, attracted 
primarily by cheap coal. 111 ifrrS Sir Robert Manse) obtained a patent lor 
nuking glass with coal, and, after trying to start a works in London and 
elsewhere, 'was enforced for Iris law refuge contrary to alt men's opinion 
to make mail at Newcastle upon Tyne where after the expose of many 
ihousiinJ pounds that work? tor wuidow-gbssc was effected with New¬ 
castle Cole', Claimi-Jcers from Lorraine came to Tyneside about this rune 
also ami by rhr end of the seventeenth century were working ji South 
Shields, where plate glass became important By the in id-nineteen til centmy 
gbssnuking bad become an important manufacturing industry in the 
North fait.ami llint glaw.ciourti glass for glaring, and bottles wertproduced 
1 liL- V, ear glassworks, established at Sunderland m 1 S4.1. to produce 1 new 
kind of sheer glass called rolled-pi are that was rather like unpolished plate 
glass, achieved a worldwide reputation alter supplying the glaring for the 
Crystal Palace in 1831. 

1 he Lcmington Glassworks, famous in the nineteenth century for flint 
and crown glass, was founded in 17S7 by ‘a company ot enterprising gentle- 
nict 1 (who) entered into the glass trade in Newcastle under the firm of the 
Nortlmmbctland Glass Company They were gi anted a lease of ihc site at 
Lcmington and tjuifkly erected their tiru glasshouse ,which was called 'the 
Northumberland Glasshouse'. Within a short nme rhere were three more, 
including one which was very lofty and budi of brick Thu is the cone which 
Mill stands at Ummgtua- The site is now occupied by Glass Tubes & Com¬ 
ponents Lid, bur the cone ts no longer used. 

Other glass cones may be seen at Stourbridge. Worcestershire {130'-SO 
894864), and Alloa, Clackmannan (yj/NS 881914), wlrile in Bristol the 
truncated base of a glass cotie of about 1780 has been coil vetted into a 
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restaurant for 3 new hotel (t5d/£T $0-7.^) The incomplete remaim of a 
come also survive within the works of PiBungtmi lifotbcf^ St Hdrtu. 

CbmprclicMVc physical remains of the glas* Wintry m (tie nineteenth 
ifiitiirv, when processes were changing mpiill% T are hard to hnd today, fern 
iJure are two excellent museum dttpbjft wfekfo although they ennum 
little actual tmmifactunng equipment. go 3 tong way towards explaining 
the various technique*- The Pilkinginn Claes Museum at St Helens. Laiuo- 
siuic H00/SJ 49=9^46}^ illustrates all the major stages in rile development of 
the 1 nd usin', ocmccmr it tug parttedath on the production of Bat glass. The 
method of making pl-yte glass ofhigh quality by casting was introduced into 
Britain from Trance u) 1773. when the British Cist Plate Class Couipahy. as 
ir tacome called atier 179*. was oubiidted at Havenhod, Si Helens, Tan 
of the Ravenhead casting hall and work 1 - - 4 ill stands, within the Prlktngftm 
complex* and there arc hopes of turning 1 Inn 11 into a museum to house some 
of die heavy equipment ol flat pbw making. 

The second, museum display uE non- i-< m the Science Museum* Smith 
Kxitdrigion, and wav opened in tX^ as a gallery of glass technology. Two 
booklets prepared by die Glass Manufacturers* Federation* Gbtt ffjjjdry 
aiul Making Gk rsr. arc jvaifjbie at the mllseuiu. There is also j descriptive 
catalogue lifting nil the exhibits and illustrating many. Unlike the St Helena 
museum which contains fme reptesentativt collections «t jn glass, ihe 
Science Muntdn gallery concentrates almost enure I y on the mjiuifjcturtng 
techniques, with examples of varfous product* to ilhiitTaie advancing glass 
technology* Although little gljuniatiug equipment survives, the everyday 
products oi the industry over the last century and a hall, particularly ill the 
form of glass containers and window glass, are commonplace. 

Gtais wine bottles began to replace leather mi earthenware ones in the 
second half of the sc vein ■. entli century. At Eir-.i wine, like beer. w.v. stored in 
barrels, and bottle* were used mainly for carrying drink from the vine 
merchant* to the tavern, tor limited storage and for serving at table The 
earliest glass brattles for this purpose were pile green and globular, and of 
light weight Having no ll.it ban: they were usually 'wjnJedy that is ett- 
encased iu basketwork, nr placed m metal ^tanrh on die table. In 1731 winded 
bottled were advertised at 4.2s a gross and common bluet bottles at >0* a gross. 
The practice of having bottles embossed with j seal, often dated, grew up in 
the nfiGov, anil w 3 mdfid aid in tracing the evolution iti the drape of wine 


iroNN CL A V AMI CtASV 




bottles. Toward* the end of for eighteenth century bottle* became lew 
gliibullt, acquiring an angular shoulder between body and nock At: the unit 
time the ‘kith up', > cunt .ivity ill tin: base «>i the bottle wiitcli aided stability 
and issintciS unnciihng in the days before the development of the tunnel lehr, 
was increased in vtze A line collection ot vim bodies, together with wine 
bottle-ilia It tug inouLh, is exhibited in Harvey* Wine Museum. Pot mark 
Street, Bristol (t 0 /ST 5847ij?}- 

tn the early seventeenth century it was discovered that beer canid be kept 
almost indefinitely tn boitlev and that, with a small amount of secondary 
fermentation occurring .iftcr bottling, it could actually improve m quality. 
The heavy taxation on glass was an initial 1 or rami to die widespread adop¬ 
tion of bottles, hut with the repeal m 184$ of the F-xdw Acts, whicls had 
imposed a tax ef«> yd per au on glass bottles, the industry expanded rapidly. 

A major problem with beer ami the- new carbonated soft drink* wa* to 
devise a satisfactory bottle closure. In 1872 the inivmal-scrciv stopper ssas 
patented by ati Englishman* Henry Barrett, and ift iSy; the tarniliar crown 
cork by an American. William Punter. Louis Pwwht’s theory of food 
preservation were meanwhile put into practice ut j Copenhagen brewery, 
which produced the first puitt’urt'fJ beer. Earthenware [forties had been 
used by the early pioneers of soil dnnks such as Jacob Schweppe, a Swiss 
whet set up business in Bristol in 1704. but the wlrefotMl cork closures were 
never satisfactory because they dried out and leaked. The Cgg-fo^H £ 1as * 
bottle was introduced 111 Hi t* us overcome this problem. !f bail M be stored 
on its side, dim keeping the cork mont- The egg bottle survived even alter 
the introduction of the crown cork liad made the shape and the need tor flat 
storage unnecessary, and was in fact ill UK until tile tpax 

The best known and most successful internally stoppered bottle, pnented 
by Hiram Codd of Camberwell in i$ 7 S. had a glass marble pressed against a 
rubber ring in foe boiile neck Uv the gas pressure in the drink, Codd bottles 
were used‘in Britan, from the late i* 7 w until rite MfJ«, and between I #90 
-Uid 1914 were the most widely used container* for carbonated 10ft drinks. 
An exceptional ttdlcaiDH of -oft drink bottles, together with bottle cquip- 
ment and gas making plant, w-tc found recently in the w orb of J. U Bowler 
of Corn Street. Rath, and is now being preserved by a newly formed inut- 
WidesprciJ preservation of food in glass containers began ill foe United 
States in the iSdos after foe invention in i*j& of the screw -topped jar by 
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John L-kJji.ih. Mason. American domestic food-pre-serving fiFs jre toll known 
o Mason jars* In Urn.mi rhe uiniU Kilus f jar did not come into general uvt 
imnJ the 1920* Automatic jar mamdicruring and tilling machinery devd- 
oped in the 19001; it was tollnwcd in jyz] by the tnvamon of the mli-on 
demure and in t$i& by the pry-offcap sul! used today. Battling of mdk begin 
in the jS&t* on 1111 idJ s£ak l 1 but it ww* not until the 19201 rh^r pisleuriied 
nutk deli veno m bottlei replaced untk %dd loose* from chums tu die streets 
In 1934 bottled milk with a card disc dtratfc was introduced m school* a c a 
cost of |d tor one-third ol a pint. Today die milk bottle bas the more 
hy genic foil cap ami me wtde-mritiA^d card-stoppered bode has com¬ 
pletely disappeared. Even the foil topficd bottles of ^ years Jgo have now 
given wav io lightweight version, with carefully con ton red dicmldcrs rn 
eliminate internal strains; 

The cross'll window-glass process was the earlier of due two chief methods 
of making sheet gl-iw by katul and w as in common use until die raris yean 
of die toiftetaruh century. Molten glass on a blowing iron was formed mto a 
Luge hollow sphere Then a 'ponti) 1 or solid iron md was attached to ii by a 
nodule of the molten metal—glass is referred to is metal in a glassworks— 
and the blown Jig iron then removed. Reheating the ^ia** on the miming 
pmtil teduced it ud j soft and wini-nidicn state m which ccistnfngai force 
t jum l| it 10 llasli mto j d:.» * Ik iluri Ibv-poltihcd disc of glais was removal 

from the potihl tnr annealing and then cut up into sheets Every ^heet made 
by this method had a bull Wye or 'crown' from which it took its imnc w 
this being tile point where the ponoi hail been attached. The was* of pieces 
of glass made by din method were severely rest fitted, aid after about tW jo 
the process give way to hand qlimier-gla^ making. Crown glass h easy to 
recognise in window panes by the line ripples anil How fnu*! which form arc* 
in us surface- The larger die ndiiu of the arc the nearer the edge of t|*r gLus 
disc was the sheet cut. 

T he hand-cylinder pr- v ^i of sheet gUsstnukitig brought to Engbnd 
from Lomiitc in rSjl by Lucas Chance h w« nsemulJy a development of 
rhe crown glim method, bur instead of a sphere and then a diw: of gfas, an 
elongated bulb was made 1 a-aoin in diameter and 50-70111 king. The end* of 
die cylinder w ere removed, it wa*ait down its long side and. after reheating, 
the glass w as flattened m a tfaitnung kiln. The sheets were murh larger than 
those of crown gkv>, were free from the central boss and were mirth 
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cheaper to nuke In J Hjg Sic Urn viC halite (1814-ryOJ) invented a method of 
grinding and polishing di tci glass, giving it the brillum v and transparency 
of plate gla$s rhiit had bco liinijiely itcated. 

Tlie third method of making *hcei glass wai to va*t Jt in platen a proc<rr> 
developed in France m the IdSOs and introduced 10 England in T773> The 
great catling hall at the Ravcnliead works, St Helena whtie the technique 
became eitahl&hed* ttlll partially survive* at our of the ingest industrial 
buildings dTir* day, Tijyd long by soyvl wide. The nurrhml m: tn.d ng plate 
was 10 pour molten glass on to a tkf rabk- p tint made nf copper and latex 
of can iron, and when ti had cooled jud been annealed. over a period of 
about so days, the two faces of the glua were then ground and pulohed 
A number of other firm* were set up 10 cope With ijitr enormous demand for 
Haf glass as j result of the building explosion 1x1 early nineteenth-century 
tinfain. The St Helens Crown Glra Company was formed m 1825, the 
Smethwick firm of Outlive & Hartley btoughr coutincnul gLsadnAers to 
Mow cylinder in 1^2 and in 1836 the gr^at Union l'%ie Cdai' Works 
was set up at thicket Nook. Sf Helen* 

All these processes aie well illustrated m the Pilkingtun Hitw Museum* 
St Helens, mJ the glass technology gallery m the Science Muwtnn. hut 
little, if anythtngp survive* of mu a) equipment Modern tnimifWttire of 
rtoat glass and rolled *hcet gl m tan be wen at the thlkmgfuti wurLi; visits for 
parties can be arranged through the curator of the nuuemn. File tiint procevv 
developed at Si Hcfou in 19*9* iso m of the major advances in glas>wurkmg 
i>f intern E years and tontio u| flowing gtaw to a bath of molten ttii to 
ensure a perfect under surface, the heat applied above producing a itmtbr 
effect on the upper face. Ordinary sheet gla_s* » also now made bv 4 con- 
tmuora process in which the molten + metal 1 is drawn vertically from the 
melting pot between postered roller*. 


10 Textiles 


One of Man's earliest matiufactstting technique was the making ol doth by 
the spinning and weaving of animal and plant fibre*. Before large-scale 
median tie J industrialisation began in Jim a in, the nulung of textiles WW 
widely dispersed throughout the country and was of very great importance 
in the national economy. Wodi and later various wiHtlltn cloth*, formed 
the largest export commodities from [he medieval period through to the 
middle of the eighteenth century. International specialisations grew up 
between different production areas in Euopc. and die fact that English wool 
a 1 as considered to br of the highest ,|inliti led inrfi hints, particularly 
l lemish and Italian, to come in search ot it, English taxation on wool capons 
led to j change in the trade as dyers and finishers abroad realised they could 
circumvent (he tax by buying is bite Undytfd brcuniclcnh instead ol the wool 
itself, broadcloth exports from the West of England rose dramatically, a» 
did tiic lighter fabrics produced m East Anglia, though to a lower extent, as 
they were not quite so popular. A large, molly ba,«d doth industry began to 
develop in the West of England—in Somerset, Gloucestershire and Wilt¬ 
shire particularly—bawd on capitalist clotlmrs who bought wool, give it 
out to hand-spinners and hind-weavers to convert into clntb, then carried 
out the fulling themselves and finally sent the cl mil, undyed and unfinished, 
to Europe - In Yorkshire, which did not eng age tti tin: export market to such 
.1 great extent, the structure .if the iiidmtrv was somewhat ihHbt«nl. a* tile 
dot fliers, particularly in the Halifax area, were mdqreiJiJeiit masters ui litcir 
own tight, owning thcit spinning wheels anti weaving looms, buying wool 
and yam mil taking their pieces of cloth to the Cloth Hall every week for 
sale to merchant* whom they faced as owners of die cloth they Sold. The 
Cloth or J’iecc Halls of the West Hiding became tin? symbols of an industry 
where the structure of production was based on a large number of mastets. 
some of whom would be working in family units and others as employers 
of labour rm a s cry unill scale 

Udhre the corning of factories, therefore, j proletariat was already 
developsg in many textile regions, Only m the West Hiding of Yorkshire 
did the actual manufacturer* have any degree of independence, though 
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cticirx way the independence oS capital nuK. Elsewhere—in the West ot 
England* around Norwich, in the wonted are* around Bradford, Yorkshire* 
and in the Nomn^hani-sjiirc stocking m d tare manufacturing district* — the 
man who organised production jsid who owned the capital in production 
wo* the clothier or J pmccr-ciut r of work, die doth merchant or die ho*icr. 
As mow of she capital in the industry was in the raw material and goods 
m various stages of processing,, the merchant was able 10 control production 
throughout its course. He owned the maremk tight through the sequence 
nt processes, paying spiflnrr* and weavers for their labour and often retiring 
out the equipment, sometimes to many hundreds of dependent families, The 
structure of ownership winch was later to characterise the factory system* 
therefore, already existed in several region* of the countrv in the days of 
the cote; igc-hawd induytrv, long be tore the development olmmlmi machine 
processes. 

In order to appreciate the significance of later innovation* it is important 
to look at the process through which textile fibres went during their 
conversion: from raw nuitrri.il to finished cloth The tUgo were sub¬ 
stantially die same for all textiles, although here reference will be made 
mosth 1 to woof, which was dominant before industrial iiitkin. As will be 
seen laier, a development in otic branch of the textile industry often had 
very direct relevance to another, so that froth the middle of tile eighteenth 
century onwards the progress of the wool, cotton arid to -i certain extent 
Rax (for linen} tnJu&m scent hand in hand. 

W-mI textiles mjv be divided into wool lent and worsteds Woollen* use 
short iihn- or short staple wool, and worsteds lodger staple.. In both eases 
the wool is first washed and cleaned to remove natural grease and dirt, after 
which there are different (celmiquci for the two fabrics, for woollen tex¬ 
tiles rile taw woo! iv 'carded" to fay the tangled fibre* into rcuighh para lie! 
strand* *o that they c.m be more easily drawn for spinning Before the 
eighteenth century carding was done by hand using two oblong boards, 
each of which had cm one of its odes projecting wires or nails. Ai first the 
hradv of teasel* were uwd but these were vxm to be replaced by I ■■raw wire, 
though the UTiii 'teasing* remained. (The demands of carding in the seven¬ 
teenth century were, m fact, i great stimulm to the wire-making industry.) 
Washed raw woo) w-a% placed on the teeth ol one carding board, and the 
other was fcpcstedK drawn over it in otic direction, to disentangle the 
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fibres. To the wdol off tbe cards, one boa etc! wjs turned round and 
again puled over tiie other; die teeth bdng ^et at an angle. this stripped die 
wool off the card Man) examples of band cards survive and may be seen 
in, for example* Dumfries Burgh Museum; Bank held Museum. Halifax; 
and die Museum A An Gallery, Bed Park. Salford 

Wod tned for worsted doth required rather mote thorough uotnutit, 
for the fibres kid not only to he laid parallel to each other hue also unw anted 
short staple wool had to be removed. This process was called combing. 1 wo 
hand combi with tapered wooden teeth were used. A small quantity ot 
wool was placed w the tceiii of one of the combs, winch was held E irmly in 
a bracket while the other was drawn over it* pulling more and more wool 
out and collecting the longer fibres m its teeth. When most of the wool 
had become caught in the hand-held comb, the twd were changed over 
and the process repeated. After combing, the lung fibres were collected »nd 
joined into long slivers known as "lops', which were sent for spinning The 
remaining short staple fibres* called *nod*\ were sold lor wool lone When 
ipun, combed wool produced -i smooth fine worsted yarn, much larder 
than ordinary woollen yams. Combing presented considerable JirFicuEttei 
for i mechanisation and was the last section oft he wool textile industry to be 
hand-worked* remaining so unfit after ifljo-. Hand combs may be seen tn 
the An Gillen A. Museum, Cliffc Castle. Keighley, and the Bridewell 
Muse tun, Norwich 

After carding or combing, both woollens and worsteds were spun and t 
although different techniques of niirnpukrmg the fibres were employed, 
both involved the tame equipment and went through the same processes 
Spinning twisiv the fibres around each other md draws them together w 
form a yam suitable for Weaving into doth. The most primitive technique 
was to use a spindle and dimff* in winch the distaff or stick carry mg, die 
wool W’ji held under one arm. oltcn supported by i tea tiler belt around the 
waist of die spinster. Strands of wool were pulled from die distaff and 
■ it ached to rile spindle, a small stick with i weight at one end flic spmdJe 
was suspended from the wool, given a rwisr with the finger to set it spin* 
mug. and the wool paid oue slowly, When a length of yarn had been pro 
tinted* it wm wound round the spindle, the cud caught in a note it to prevent 
it unwinding when suspended, and the process repeated. 

The spinning wheel, which probably originated in the Fa? East, was a 
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great improvement over die spindle insJ distaff and may be regarded as die 
fixvt example of ' median isatioif applied to the textile industry. In ii the 
spindEc >v;l$ i ik] tinted Wraontdiy m bearings and connected ro a large 
flywheel by a driving band. Tins produced more consistent rout ion of the 
spindle and speeded up the spinning proms considerably* At first ihe large 
wheel was Uirned by hand, btit later a treadle* connccring tod and crank on 
the v/heelihaft were used—probably the first use of the common crank for 
developing rotary motion at least two centuries before Pickard and Watt 
’ rediscovered 1 ii for the rotative steam engine In die curly type of spinning 
wheel known as the "big wheel" or Jersey wheel' a piece of unspiin wool 
was attached to the spindle and the large wheel turned by hand. The other 
hand holding the wool was pulled hack slowly from the spindle paying out 
jt a steady rate strands svhidi were spun into yam. When a length had been 
spun, the wheel was turned again to wind the yam an to the hodv of the 
spindle. The process was then repeated. 

Later a new type of spinning wheel, die Saxony wheel invented in 1555, 
largely supplanted the big wheel; it was an improvement as it both spun 
die yam and wound it in at the same time, making the whole operation 
continuous. It w’as used for die spinning, usually of long fibres, until die late 
eighteenth century. Hie main action of the Saxony w-hed was the U- 
duped dyer dial was attached to rht: fptndir. The bobbin ran (nose cm the 
sptndlr shaft and was driven by a separate baud from the fly wheel. Thus 
yarn was spun conmmoudy on the spindle ami fed from tile arms of die 
flyer to die bobbin rotating at a different npecd. With all these methods of 
spinning, however, there was incimsistcncy of quality f M the results depended 
OH the skill of the individual spinster, w ho had to pay out the right amount 
of wool to maintain an even thickness ot varn. As most 0!" the women in 1 
household learned 10 spin, this often meant that different qualifies of pm 
might be! foiLii lJ even on the same ’.pindle This w as an in convenience to the 
weaver and an important incentive inwards devising a machine that would 
produce consistent yarn. Spinning wheels arc perhaps the most common 
evidence of pre-industrial textile ujaiuifacuiretv be found in museums today, 
hi the Textile Mad linen Museum. Tong Moor HcmJ, Holton, both Jersey 
and Saxony wheels are exhihired, and the Horner collection jn die Ulster 
Museum, Belfast, contain*. spinning wheels from a number of countries. 

Once a suitable yam had been spun, ibe next process was to weave 11 into 
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* cloth fabric tin a loom. The tradiimnd hand loom consisted of a frame 
curving the longitudinal nr \vaip" threads, wliidh could be separated to 
aHow die trail went , wtff threads to pax alternately over and tinder them, 
Thu simplest form of inter lacing of \\arp and weft is known a% plain weave 
aiuI wav for ct*nturic> carried out on simple hand (norm The main obstacle 
to speeding up the process of weaving srai the problem at moving the 
shuttle containing the wrfi yam wound ou a bobbin across the loom between 
the -JtextLitr wu& yani%_ The answer* when ir came in the torm of tile 
'dying shuttle', u-jw •■' I at- of the ciuetaJ inventions ihe t'jisulc industry, 
it w.u remarkably simple sn principle* tint very little and led to alt enormous 
increase in hand-loom weaving, an increase which was to have tragic 
repercussion* in the i $zq\ With the exception of the stocking fume, which 
produced a knitted as opposed to i woven fabric, and wliidi will be con¬ 
sidered Inlet* it was to be the tint move in the uiqucnec of evetm leading 
to the fully mechanised Text tie industry. 

Itoiti the inditsmd ardiaeotogical point of view the chief features to 
examine arc the textile machines themselves, tin: prime movers th.it drove 
them and the buildings that honied niarhint-i and workers* Of the textile 
inad niio a fcjMitubly representative range has been preserve J in mmeunii, 
mainly in Lancashire Jtid Yorkshire* but the prime movers— the waters 
wheels and steam engines dut powered those machxEtfift—are somewhat 
harder to Imd S he technology ol these sources of power has hern con¬ 
sidered m Chapter* j and 4. but there were vjrism-. specific 10 the textile 
industry, such xs the steam tnill engine, which are worthy of addin anal 
passing reference. Ji 11 in the buildings, however, particularly those dating 
from the middle of die eighteenth century onwards, that die most prolific 
Aichatological evidence of the industry lies. Indeed* of all the landscape 
change* hroughi about by the Industrial Revolution, the textile null build¬ 
ing is one of the most prominent* The evolution of the textile mill, almost 
from its earliest days, can be meed through surviving examples, in some of 
which were incorporated important miiovatioin in constructional technique, 
til examining the Industrial archaeology of textile manufacturing we will 
look tils! at the development uf she machine itself and then at the buildings 
and power tourers. 

\s we have seen, ihe bpftkwcfc m the hand-weaving process wav the 
speed -u which the weft threads could be passed through the warp. The 
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answer wa^ tound by John k,iy r r 704-ti7S0) who wa_s bom ar Mark near 
Bury in Lam ad u re, He was j ppresiritt-J jnto the weaving machinery trade 
and spem the whole wf hi» working lift involved with textile equipment, 
Hu, 'fly' nr flying shuttle of 17J3 (PaCent No 542) comistcd of' boxes lo 
hold the shuttle ii each *nL- of tin- loom cc^necfcd by .1 long hoard, or 
'shuttle race. .dong which the- shuttle ran. Each bos: liad .1 horizontal metal 
rod, -itjJ mi each rod wav j freely moving slide known av a 'picker 1 tilth 
picker wat connected, by a smug lied to a stick or J puking peg' held by dir 
weaver. By jerking the picking peg from ndc to ndc the weaver could 
throw ibe diurcle from one dumfe box to the other, Kay fined whack or 
roller* to sonic of his sliHides but later these were discsidcd and ihe term 
'flying ! 1 tittle’ was used. The operation of weaving became tun only less 
tedious bui output wa* often doubled. 

There w ere a number of minor technical difficulties that slowed down the 
adoption of Kay’s flying shuttle, an initial disbelief in its workability and 
considerable unwillingness by many wea vers to pay the 15s per year which 
he charged for the use of his invention However, 11 was widely taken up 
eventually, and had the effect of speeding up weaving and thereby wib- 
st.uiti jl[y increasing the mi balance between the weaving and spinning 
processes. F.vrn I tore his invention. four or live spinsters had been needed 
to supply one weaver, and the flying shuttle stilJ further increased the 
incentive to device j machine that would spin more than one ot two thread* 
yf j rime. Numerous hand looms. w ith and without flying shuttle*, mas be 
found til tuuv.’uiiij specialising hi textile machinery, inducing dw fkuiktictd 
Muvaim. Halifax, v.-fn-r^ they are Jumunsirated from tune to LitJic. 

The first attempts at die mcchaiiiv.itIon of spinning weir made by Lewis 
Paul (dr759) and John Wyati (1700-66) and patented in 17Their first 
machine* involving pair* of roller* ro draw our the fibres, wai unsuccessful, 
as wire :i number of variation* on it produced m succeeding years, although 
the rulkf drawing principle wu eventually used with great wircesc An 
experimental mill was built m Birmingham about 1741 anti iinmhrr in 
Northampton, hut neither appears to have hem vers viicctssful A skein of 
yarn produced on a Paul & Wyatt machine is, however, preserved in 
Birmingham Museum & Art Gallery, and die Avery Historical Museum at 
Soho Foundry, Birmingham 40, betides its collection of wool scales and 
weights, haj some documentary mfnrm-inon on the two inventors. 
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It was nm until the 1760* that James Hirgravcs (a 719-7^), * weaver of 
Stanhill near Blackburn, where hit Cnmge sriil survives (95/SD 7*8*77), 
developed 3k successful rnechmirm lor spinning cotton on multiple spindlo— 
initially right and later sixteen. Tins was the spinning jenny* a hand-operated 
machine that fitted well mto the domestically based spuming industry, Tbe 
term jenny' 1* a simple coemption. of t)tr word engine'. a* ts the gin u^-d 
in honc-gitf. a term uses! in mining and for the machine that removed seeds 
from raw cotton. Iti the jenny :i hand-driven whed powcrcd a number of 
spindles, and a clasp drew oul the spun yam from each of them at the same 
time. Having completed the drawing our, the diip moved forward and 
the spun yam was wound on to the *cop* # winch, when full, became a 
cylindrical package of yam wiili conical end*. The 1 vimy (Plate 4$) was, in 
effect, a mechanised Jeney wheel* ii die spinning proem w asnoi cominmuu; 
but because of die larger number of spindles which 11 employed, output was 
very considerable. Jennies to be seen in most museums arc of ifie improved 
variety, with a large number of spindles, but Jligliei Mill. J ieljiidiorc* tn 
Lancashire (h/SD 777214)1 where a ilxiiIi machinery museum \% being 
established, has a j cutty bin it .1 few years ago 10 the iprafration in Hargreaves' 
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original patent. A visitor to Higher Mill can; see this md other equipment 
demonstrated- 

Thete was considerable antagonism in Lancashire towards Hargreaves as 
a result of his invention, so he moved to Nottingham* w here demand for 
cotton yam tor knitting m tile stocking-frame was growing. Here he 
established a mill and in i 770, several years after his invention of die jenny, 
he finally took out .. patent tor it. The fact ihat Richard (liter Sir Richard} 
Arkwright (1732-92) had patented a ness 1 device tor spmmilk'; lei 1769 may 
well have prompted this action by Hargreaves. Certainly Arkwright's 
machmr proved much more suitable than the jenny for producing the fine 
cotton threads needed in knitting Yet m Lancashire jennies became more and 
more popular for the weft yam of eorron-hnen woven fabrics and for all- 
cotton goods. In the w oollen industry, ton, the jenny was found to be an 
efficient means of spinning sett lull yams. Equally as imporunc was the 
fact zlui it was cheap and could he used by cot cage spin nets and small 
manufacturers alike. 

Richard Arkwright was bom in Preston, Lancashire, apprenticed to a 
barber and subsequently stir up in business on his own as a barber and wig- 
maker He became interested in mechanisms and the problems of a sati^ 
factory spinning machine atuL in association with a clocknoker in Leigh 
named John K.iy (not aMdciafrd with the flying shuttle inventor). Ark¬ 
wright produced 2 prototype roller spinning machine lot cotton. As with 
Hargreaves,, hostility to Arkwright arose from those people already in die 
spinning industry vvbn uw the machine as a threat to their livelihoods, so 
he too went 10 Nottingham and set up a business providing yam fur the 
knitting industry. He found a partner in 2 successful and well established 
hosiery manufacturer named Jcdcdiah Strutt, and they established a small 
factory with j number of spinning machines driven by burse power. The 
yams produced were most snmfaeiory for the hosiery industry, so in 1771 
Arkwright moved to Cromford on the River Derwent in Pcrybdiire and 
there set up a larger mill driven by water power. Asa reside of the me of this 
source of power, Arkwright’s rollcr-spituiing device became known as die 
water frame. On it was bsicd the enormous develop merit oi factory spin¬ 
ning and the further fortune* of its inventor* who buih n uni emus other 
mills, was knighted and became High Sheriff of Derbyshire. Of all the 
pioneer inventors in textile* during the eighteenth century, Arkwright bad 
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4^ (iHik developed hy Samuel Cwmpfra. Hokon Textile Machinery 

Mowtm 

the less propitious beginning and derived die greatest benefits. He cm 
ready be described .± the* fillter of the fiaory system, an suntan ding 
organiser of labour and machinery processing' -linbiiuiu^ forceful and 

per levering 

A 5-crII Tii dpt important advance mcighreenib-ccntur> spinning technology 
was still to come, however This was the invention of the spinning mule 
(Plate 40} in 1770 - hi effect a combination of the-jenny and die water frame, 
Hence die runic *mtdr\ h> inventor Samuel Crompton (1753-1 ft; 7) was 
horn near Holton„ I^ncashire, and began spinning on a jenny as a boy. His 
mule (Fig ;?) was a great advance on either of the machines from which it 
derived—if in Ejci Crompton li ad any detailed know ledge of Arkwright** 
lUvemton—ind wis partiadjrly suitable for making fine yams for mudin 
The Else mutts had about thirty spin dies but soon 130 were common. By 
moving the driving wheel ro the centre, it was possible to operate still 
loiigct mules, and 400 spindle machines were both. Later machines carried 
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Ftg 17 Muk spinning (from I'br Cwde vf l/n - Soffttef. Vo I 11^ 

more than t. 000 ‘ In i?f>- water power was applied at New Uiuik Milk 
(Plate 47) iti Scotland (61 /NS B&O425) f Rr time to drive mules and 

thii established large-scale factor)' tiuih: spinning. Crompton > house nevic 
Bolton, "Hall-i’-ih'WooLr (ioi ( «SD 7241 i&). still stands and is now 4 
museum ot the Crompton tanifljr. The Textile Machinery Museum in 

47 Ruben Owhi'i model (own ^1 New I-anatk 
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Tong Moot Road, Bohan* include* water francs* Crompton'* mule and 
other early textile nmchino. Mulc> tmy also he seen at Higher Malt, Helm- 
share, where there is an original Arkwright water frame from, hit Cromford 
mslL A pre-industrial watcr-pwcrcd textile trull in tegular operation ami 
open to videos is the Esgair Mod Mill l Vo in LLniwuyd, Brccknodtdiixt; 
tr-erccied at the Welsh Fcjlk Museum* Si Fagans [rj^'ST 11^772), in 195 f. 
Here too may be seen a spinning mule, with eighty spindles, together with 
three iiand looms anil all the other equipment to convert raw wool into 
dyed and finished fabric. 

Throughout dm period of rapid development on the spinning side of the 
textile industry the hand loom foe weaving fabric had remained virtually 
static although there was a progressive increase in die use ofdie flying shuttle. 
There had been powered looms since I he sixteenth century for weaving silk 
ribbons, bat the genet*] opinion among fabric weavers was that the hand 
loom involved too nuny in dependent actions requrrmg timing and skill to 
mechanise The first breakthrough came m 1784 with the invention by 
Dt Edmund Cartwright a IdoBtenhire rector, of .1 loom 

vihidi could be powered, although fie had never m the time seen a person 
weave! Cartwrights loom was by no mcam sophisticated, all rev action* 
being rapid and harsh, particularly that of die shuttle, which was propelled 
by 4 powerful spring- Its main ccimnbntion way w prove the feasibility of 
powered. Iraftiv, Mid other inventors were -mundated into carrying out 
hsrthcr cspmnicnis r C-anw-nghr Iikotus ol a more highly developed type 
were la use in Doncaster and Manchestre in (he 1790*. while in Scotland 
tuimcroin. inventors, including Robert Miller and J. L Robertson of 
tdugow. nude improvements. "flic most significant improvement. how¬ 
ever, was devised by William Horrocks of Stockport, who in i&tj intro- 
dttecd a means of vis ing the speed of separation of the warp thread* so ^ 
to merriie die period for iht Ji Little to pass through 

Between tSij and 1840 the number of power looms in Britain increased 
trotn 24^ to i^tJO, but even rlicn die bulk ot ivoveti cloth wai Mill 
being produced by iimd-fooni wavers. The brg^t spinning mills employed 
J -J“ F*°F lr < ^ **■* preparatory process like carding, had beer 

mechanised for woo] md wonted, cotton, silk and flax. By 1820 there were 
1 iQhGCG woekeia in spinning mib. but only 10.000 in weaving factories, and 
some of them were working traditional hand looms in factory building As 
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Rg a I Cirduig-cngmc for cotton (from Hit CWr i\f flit Srirtiors. VpJ tL 607) 

power looms began 10 be improved mechanically, their numbers increased 
rapidly, to tlsiar die 2,000 looms per year mstjllcd between liH 11 anti 1&20 
had become io,qog j year by the Meanwhile the lond-l^om woven 

sank from being among flic most prosperous workers in the country to sonic 
of die most poverty-stricken. The w eavers' skills were no longer required, 
jv mi the lactones the simple work of mending thread brcjbgc^^ and re- 
pkmddng Plenties could be earned out by women and children. In the 
iSios< first in the Midlands and subsequently in Lrocashire an. I Yorkshire* 
flic jii j c hmoimasmng Luddites responded m these condi rrom, made all the 
more appalling by the general depression alter the Napoleonic wars. 

In other branches ofihe lexrilc trade mechanisation took place during ihc 
3 a re eighteenth and early nineteenth ccmurki 3 Iso At the preliminary pre¬ 
processing end, carding machines (Fig 2> l) were developed by a number of 
inventors; most worked on the roller principle^ in which .l large c ylindcf 
wills wire teeth took she fibre* round under a sene* of smaller "worker 1 
rollers running at a different hpeed, artd they drd the carding, Although these 
early carding machines were developed tor canon [Fig so), u was nor long 
before they were applied also to wool* where they were coiled 'scribblers* 
Pattern weaving was alia greatly improved after about ittoo, with the 
introduction of die Jacquard attachment in which individual Harp threads 
were lifted by a mechanism mounted above the loom and con [rolled by 
punched card*. The type of pattern depended on the 'programme punched 
into the cotitniuou* htrtp of Cant. 
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fig 2$ Carding, drawing and roving (from fix GMf oftlx SeittKt), Vo| 1J, toS) 


In tin: hosiery manufacturing industry, ill which stockings were knitted 
by the looping together nl threads utform jneLstic fabric, the basic machine, 
the knitiing-trimc, had been developed j early i\ the i bv the Rev 
^ dliani Lee ot Calvcrton near Nottingham It wav one of the tutor ingenious 
mvtntuim ,n ‘he textile industry and formed the basis for the early rise of 
the bst Midland-, .is a hosiery area. The problem war one of looping threads 
itito each Otter wing j hooked needle, and the answer lay in developing .1 
way <)| opening and doting the hook automatically to allow the loop to be 
made and die needle 10 he disengaged and then withdrawn without re¬ 
engagement I he cruw ot Lee's invention lay in a honk which was n ormall y 
open hut could bt dosed by pressure, fly tiling a dm in the shank of the 
needle, the point ol the hook could sink into it upon cloture and thus avoid 
,mv accidental catching ol the loop, fliis 11 die bearded needle widely used 
in knitting machines today- A further development came with die tnccluni'- 
ution of rib knitting in i?j» by Jedediah Strutt, Rib-knitted hosiery was 
tuore closely luting than plain-knitted but at the utue time more elastic. 
Strutt's utventiottctmiiucd.si an additional set of needles added 10 ihecon- 
ventHUia! nocling-friune which, operated in com unction with the usual 
needles, had the effect nl reversing the loop and prod Using j rib effect. A 
mane fundamental development tame ui 177* when the first svarp knitting- 
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machine way mtfoduccil. Previously loops had been formed in threads run¬ 
ning arrow the width of the fabric (weft kniiiing), but the new machine, 
attributed to both j Crane arid J. Tamer ot Nottinghamshire, produced a 
knitted tabnc winch coutd be cut up and sewn tnto garments. By the 18505 
nb km mug w .!■- being produced on powcn-J circular machines, rims pro¬ 
ducing .i tubular fabric for stockings, and about die umc time M Townsend 
of Nottingham patented the ‘ttmfblcr' or latch' needle, which was ro be 
fundaincnEal 10 the farther progress of the butting industry. Generally 
similar in appearance to die bearded needle, the latch needle tuJ a IiitigeJ 
anndimcnt to open and dose tbe hook. All these md many more aspect* 
of the technology of knitting cjei be seen in rite large collection ot niachincs 
held by Leicestershire Museums and on dhpkw at the Newirke Houses 
Museum, Nevs^rke, Lcicewer, 

Similarly the lace industry, so important in and around Nottingham, is 
well represented by machines on display at Nottingham Industrial Museum* 
Wolhion Hall. Nottingham- The basic step in tilt mechanisation of bee 
making lud been made byjnlm Heathcoat in rtoj T when he 

developed ,1 niacin ire (the bobhiftef* later known av the plain net imdunr) 
capable of mutating almost exactly the liand-madc pillow bee. He used .j 
fi,u bobbin, resembling 4 disc, which studd pass between the vertical warp 
threads arid lints cmwmr the weft thread around them* In rMj Jib machine 
was improved by John Lever, who adapted it to make patterned lace, using, 
if necessary* the Jacquard principle. 

One major aspect of fabric production that lias still to be considered it the 
liuidiing of the woven doth. One ot' these finishing processes had been 
medianEsed as early as the thirteenth century, when ware r-pn seer ed 'foiling' 
mills had replaced manual fulling of wool cloth. The proem consisted of 
pounding the woven fabric in water with fuller's earth to felt it up and shrink 
it. Ee wm relatively simple so devise .sater-powered hammers to t .ury out 
(Ins work* cams mi ,1 shall raising die heads in much the smie in j finer as the 
cil t hammer* used for ironsvotking. The effects on location of the industry 
were similar, too, mulling in an tivwcutiaJly urban-based craft moving out 
jinJ dispersing to the fast4!owing streams nf north Somerset. mural 
Clouccsrershire and west Wiltshire an the 'soueh Wc*L and i tom towns like 
Beverley and York to the Pennine streams of the West Hiding of Yorkshire* 
A number of till ling mills vrill survive and at Higher Mill. He l nidi ore 




414 Higher Milk HeliiisiiLtrc, L-tncoshitc. 4u iron brf 4 mh‘>* waurwhjxl with periph¬ 
eral pearmp uxd wtiodffli Hotu 


(95/^777214), tte waterwheel (iH^tc 4 s) jiid lulling stock* can dUo be 
lccn t M 4:1,1 tenter luiok* iifi which the doth \uWqupntly stretched 
and dried and the rotary gig-tinlls con ran ting icasck, flitch were und lu 
faite the nap on the cloth. This was alter wards sheared * first by large hand- 
stiejrt aid later by j rotary device til action very si mi In to j cylinder 
lawnmmver. 


THI I ; l R ST FACTO sms 

TIk factory system that develop so rapidly m the textile industries at the 
end of the eighteenth century had tis origins th 1702. 1 M ,hj t yclr Thomas 
Cotehett (bifijo) opened 1 tlirec-iorey ,i!l: spinning m ,|J ofl t hc k.ver 
Dcrwolt i[1 r> « b V » w hHh he intcJled Dutch spinning or ‘throw-mg* 
machinery. Although Cot chert's business tailed and all but 4 tcu of the 
foundation irchc* of hit building have disappeared {ln/$K ^4365), his 
mill has a good cbm, 10 the ode of the first factory in that j t wai 3 single 
building with comply madthury, a touree of power m its waterwheel. 
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and accommodation for a until bet of employe^. Wlut vvj> perhaps of more 
immediate importance was that Im enterprise attracted the attention of the 
wealthy London silk merchant Thomas (later Sir Thomas} Lombe fr681- 
1739). nid his h Jfrbrother jabn Lorn be (1603?-1732), who worked for a 
time hi CuTchottV Mill. Some years liter, possibly rtfrr 4 visit to the highly 
advanced silk spinning areas of Italy, the Lombe* built a much bigger factory 
m Derby near Cotchcu's original building. 

litre the direr basic opoaiioEw of converting the silk filament from the 
cocoon or the silkworm into .1 yam mitable for w raving were earned on. 
The first stages, earned out before the silk arrived at the factory, consisted of 
unwinding the filament from the cocoon and rewinding it with others to 
form a skein. This ^kein was washed jo remove ihe gummy nutter known 
ai iericin and was then ready tor processing in tombed factory. Here it was 
wound on to bobbins on a winding machine; transferred to 1 second machine 
where die sir.ititL from several bobbins w ere w ound on 10 1 single bobbin, a 
process known ,o, 'doubling"; and fuulh twisted together into a yam on j 
third uuchmc, a process known as 'throwing 1 . If the yam w as to be used for 
the wch in weaving, only a slight twist was put into it, but if for the w r arp. 
a strong* i iwjit was. applied- The weft yam was called the "tram' and the 
w-arp ilie harganiineV 

The Lombe** factory in I\irby was of' unprecedented siie, the tlirow'ing 
mill alone being five storeys high and 110ft long and accommodating over 
lOo Workers. These were mainly w omen jud children who feknotted the 
threads when they broke, ■> very frequent occurrence. A single Jjrge wafer - 
wheel operated over 2 $jqqo movements m the machinery. The budding 
established the form the textile mill was to take until wet] into the twentieth 
century r the name 'mill itself deriving from the fact iLit ill die early ones 
were w-iLer-powcrcti It remained in active me for silk until i%K3, when pari 
rollapsed, and after a disastrous hrt in 1910 the budding was mbstannally 
aherai. Today the original approach bridge and part of the tower survive, 
together with foundations in the m et bank. The wtougIit*iran gates, dating 
from 1745. vs ae rwited in 1954 near the Borough Library iu Wirdwick* 
Derby. 

Why the industry became established in Derby 1* difficult to ex plain P The 
main centre, occupied largely by refugee F-Iuguenot weavers, ivjs in s hr 
Spiral ftddv area (Plate 49) of London where, in arid around Fournier Street 



49 Silk wcavciV garrets in 
Spisdfjdds, London 


IQ a considerable Humber of their houses with jtuv WDfk^ 

sliap^ still ms rvive llic rite of the Nottingham Italttcmirk knstring industry 
ii the luoat likrlj' ftavnn ft if Cmdictt ind the Lombes coining to tire East 
Midlands, md Derby welt have been chosen becaLUc of die power 
afforded by the w a ten of die Denver flu- Trent Itself and tributaries like 
die Leal and Erewasb would have bmt iputc smmitublc. Ft am Derby the 
sdk uuJusrry spread to roller cemrcT after the expiration of the iombe patent 
in 17.U, md futonc were established itiitially in Mjicdcifidd. Stockport 
and Chesterfield, and later in Manchester, Salford, and RtuntK* in Esse* 
where George CburuuJd and his Samud founded the firm which is 
now world famous for non-madc fibres. 

In flic Aim lult of the cigiticcnth century, however, the ulk indmtry's 
gmwiii rate wm relatively ilow and. dcipitc die fact dm (actant* had been 
CiUbluhcd. it played no pan in the !^ge^ CJ | t tndowrial prefers in textiles 
that came later wirk cotton and w «|. The for tbo were the shortage 
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$o Silk Wflvuw* hoiraeiin Macclftfidi Cheshire 


ot nw >jlk supplies which were jUo expensive* and the competition from 
entirinental and eastern stlh abroad which destroyed the chance of ap¬ 
preciable market*. Hie cotton industry on the oibct kind enjoyed 

nnlmiitcd supplirt of raw matcrMl and r once the pirn ration lytfem lud 
developed fully in the American South, supplies Thai fell in price* Cotton 
fabric, an attractive: and cheap a Item a live i» wool,, was able 10 penetrate the 
euoninsu- an J growing home market and al the umc time, as i mult of the 
l-ll in cast? .Hid price* as a result of tedutolflgkal inismariom in the mdmrrv, 
to enjoy pin almost unlimited export market. Comm was aho a tractable 
fibre Jtmditig itself to murium- pfiX’Csscs rmire readily titan woof Finally the 
cotton industry, for reasons wliich we shall examine shortly, had the gtxx) 
fortune to establish itself in Lancashire, which wai not a Traditional textile 
area anil lud none of the bud Erin restrictive practices to be found rise where. 
Ultra it was cotton which vtood in the forefront of industrial progress in the 
textile industry despite the tact that what might be railed die first generation 
of tnie factories were for spuming sil k. 
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THE nrvMf>PMEKT tat TIfti FACTORV H {' 1! DING 

The carl) %ilk BiUU and Arkwright\ linl cotton milk .it Crnmfotd were 
characterised hy the fact that they contained novd machinery in buddings 
of essentially traditional construction- All the ingenious devices developed 
ro convert fibre mto cloth were of a size suitable for arrangement in rows 
watched over by relarivcJ y umkilled uperativev Eventually all could be 
powered from ,t ro taring diaft that had at its input end a horse-gin in a 
few early examples. but more often a large waterwheel, and increasingly 
jfter jbemt i&oo ± rotative iteam engine. Hie requirements of the factory 
were therefore large number:, of identical spaces„ v.iiEi reachable natural 
lighting, arranged in such a way that power could trail! y be distributed to ilw 
machine*. The outcome was a new form of budding, taking die traditional 
constructional techniques of brick 01 stone laid-bearing waits and timber 
bcam-ind-plink floors iv its bays. Typically it was long and thin iti pi in, 
rarely more than 40ft deep, rising to four to six ^orcys, and with ihr line- 
shatVmg 10 carry power to the machines arranged parallel 10 the long axis 
and supported at or near ceding height. Tills WH b.isicillv the form the 
Louibev' mill hud Liken ru 17a!, and it wa* lo survive virtually unaltered 
tor tw o cent ones. 

Numerous. fine examples of early textile milk still exist although on- 
fortunately Arkwright’* DU Mtfi 4E Cnmifurd { li SI . *9^69), completed 
in 1773 . Il.i* been 'mbvtJinijUy altered, with flit" W of two storeys, 
that it u almost unrecognisable. Masson Mill (tn/SK 294575}* however, 
built in 17^5. is largely intact, the red-painted walls and white window 
lutromuk -s fam ili ar feature on tltc Atiffl ii(inii. of Cromford (Plate 31). 
Arkwright Wat associated with a number of other mills- which, like those 
at Cromfotd, woe located cm >ttcam\ that could provide power. At Cress- 
brook (t 1 r/SlC 17J7*s) the remains of his 1779 milt can be seen at the west 
cud of tile existing 1 SiT s building, the latter a superb four-storey structure 
built by William Newtfln (Plate (2}, otn- <>t the finest example-, of the 
adoption of an enlarged domestic irylc tor mill. Is has twelve bays with a 
cent rally placed tour-bay pediment, hipped rout jul! a cupola that once 
held a hell to summon the workers. 

All even finer example of this Georgian style may he icctt in a number of 
silk nulls m Macclesfield, notably Frost's Milt (no, S| 918757} tn the centre 
of the town (Plate 33) and the fanner silk mill on Chester Hoad, now the 
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si A rJhv right's Mision Mill, Cromfhrd, Derbyshire 


card factory of Hcnrv and Leigh Slater [no/SJ PW 737 )- This latter buMtig 
epitomises the Urge cighteenih-century null —a rectangular and disciplined 
bride bi'K for machinery obeying to the later die architectural rule* oi the 
day. The Macclesfield card factor)' ha* four storeys and seventeen bays, 
tin: centre five brought forward and supporting a pt-duncm with centra) 
i lock. cupola and wind vane. In Hampshire the same sty ft on a much simJler 
scale can be vcai m the beautiful red buck Witrilunrh dlk mill (168/SU 
464481). while m Cheshire* Quarry Bank Mill, Stpl (ror SJ 8348*0). built 
in t7«4 by Samuel Greg of Bcf&tf on a more coin pi reared plan, has the same 
graceful rhythm A number of traiure* 1 \ pical of chose ut these early nulls 
.ire worthy of exauiimitotL Firstly the WHiJ^vvt, which have small panics and 
jre usually of the sadi type, often have c-nE-iron frames Generally speaking 





















ji Crevibruok Mill, l>trby%hm:, a cotton mi||of 1M5 with Leer weaving \bcd* in 
front 

cite smaller window panes art the earlier, good examples being, found at 
Cilver Mill. Derbyshire [i 11 SK >4574,1), and Low Mili T Catoo, m 
t-mcasJnrc (89/SD 527649), In the latter caw flit mill was built originally 
;n 1784 and rebuilt after a tire in 1 -Bprobably with the original windows 
Tie irons of -1 disc or cruciform shape also arc frequent. and m many eases 
appear to date fr&m the comtnictmn uf the building. These wall plates are 
tied bv wrought-ifoti roih itiaf pm right through she building and hold it 
together- 

IrmJe, the floor* cuh&st ot timber beams and hoard* sometimes supported 
In vertical timber |>iELjle v but more often by cm*ircm ones of circular or 
erudtonn section The position qf original liiic-dutiing, if it has genie, tilt 
usual I y be traced I tom the position* of brackets or bracket-fixing holes either 
in the coin mm or on the ceiling beams; Occasionally die col Limn itself a 
forked ur lias a bracket fixing cast on to it to support die bearing Dr 'plunuuer' 

Vj Proit 1 Mill. Macdohrlif K hcihirt h like a number of other u3k Ernlh in the town. 

the traniLuion of the Georgian duincsue vcntaoilar inoo the tiew ir^dc 
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block. The position and nze of watercourse* re also worth noting, as they 
given an indication of Hie type of waterwheel used. In early nulls the wheel 
was often centrally placed tit tlir building with a verticil timber shaft taking 
the drive from die pit wheel up Through the building to engage the horizon¬ 
tal hue-draft* on tacit floor. Liter, iron shafts and gearing were used. In 
smaller mills die water wheel might be outside the bin tiling altogether, 
cither completely exposed or housed in a small lean-to. 

Although the genera] form of the multi-storey textile mill hail been 
established at the beginning of the eighteenth century, j fun clam vninl change 
in its technique of construction evolved in the t? 90 $ and 17904 as a result of 
what see aught now cal a research programme. Arkwright's major partner 
in Im Cromford venture was JeJediJi Strutt, who had mbsi.inml silk 
interests in Derby anti, atrer the dissolving of’the partnership in i?m, took 
over completely the milts at Helper and Milford. These were great] v extended 
during die 1790s by Jedediah’s son William Strutt {1736^1830), who 
lyitcmaticilly set about finding an answer i» rht problem of tire in these 
umber-floored buildings. Fires were frequent and usually disastrous, the 
complete destruction in 1791 of die enormous Albion flour mill in London 
providing the final incentive towards devising . solution. Tile hr>r stage 
was reached in Strutt's calico mill in Derby, 1792-3, in which the floors 
were made of shallow brick arches of 9 ft span spnngtng from din her 
beams supported on cast-iron columns. The underside of the timber w.u 
coaled with plaster to ensure that no surface that might catch fire would be 
exposed. Strutt produced more advanced versions at Milford in 1792-3 
and Helper in t-pj-j, but ii was in fact a friend, Charles Uage. who took 
the next step by rep bang die timber beam with a cast-iron otic, so pro¬ 
ducing die world's first iron-Cram cU building, a flax mill in Shrew sbury 
i 11 ^1'*^ 500140}. AI Though all Strutt 1 early buildings have now gone, the 
Marshall, fienyon & ttage flax nidi, nov. used as a mattings, sull «amk at 
Dithcrmgtoii. Shrevsbury, The modem factory had arrived in d p although 
it was to be more than another so yean before it became a completely 
frame structure and die load-bearing exterior walls disappeared ro be rep heed 
by cumin-wall cladding, the Shrewsbury flax mill must be regarded alone 
of the pioneer structures of the Industrial Revolution. Others quickly 
to I lowed and, although the immediate desert j slants have been destroyed, 
Strutt'* own response to the flags building, his North Mill at Be]per {tit/ 


J 4 Anglo-Secnian Milk, 
Beewois, Nottingham 



SK 5464*0), completed in 1804. stilt survives ss the most beautiful. sophisri- 
tju'il and technically perfect Mtucturc of iy era. Nov. owned by English 
Sewing Cotton Led, die roUI is still in use and likely to remain so. 

While these giant cotton anil Has mills were developing v> rapidly in 
the early years of the nineteenth century, die wool textile industry was 
stirring, too, although less violently. I11 the Stroud valleys of Gloucestershire 
numerous nulls, most of them relatively small, wctc being built in the warm 
local stone, usually with interiors of conventional timber construction, 
Similarly in west Wiltshire and north Somerset water-powered wool 
ruitU appeared in considerable numbers. An exception to all the others is 
Stanley Mill at SttmdtOUK near Stroud (t^SO 8i4*uj). which is of 
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and bncfc Tire-proof eomtruerion. Built in iftij 10 draw its 
power from the River Frame, Stanley Mill provide 4 remarkable combine 
tuiti o( the funt't ional use ot brick panel* and ftone pilasters on its outside 
with tTJceripd iron arches supporting iron Hour beam* on iron cotirnm By 
the t%zm the iron-framed tousle ritili luj become well established, jlibwgil 
it was not until the (BtAos or even kter that the building of milk with timber 
btauHiiui floors died out. One reason may hm r r been the failure at a number 
of cuc-imn frame structure*, such as the celebrated collapse of Lowcrhoine 
Mill, Oldham, m 1844, and another ihc appreciation that* although iron 
it%L'll was incombustible, if a fife did occur in m iron-framed building, the 
expansion ol rise members frequently resulted m the destruction of the shell 
ol the building too. 

It was to Lancashire that the chiton industry nugfimi in the late eighteenth 
-tnd early ninttcriiili centuries, and there the factory con fumed to evolve* 
Urge numbers of these buildings srrJJ survive, offering tile mduoriJ 
archaeologist an opportunity to examine in detail their evolution Initially 
water, tor power, washing jud bleaching, wav the major locational factor* 
with the remit thiir mills tended to be u tuned in remote valleys of the 
Peti nines where such site advantages our weighed problems of eomiuuiu- 
cation, With the introduction of stnm power, however, new hmn 
influenced location and the cotton industry becuuc c-mcentraced n towns 
stretching Irrun Stockport in C. lies In re north 10 Preston. These new cotton 
towns grew up cm the Lancashire plain. 4 ill enjoying the water necessary 
for various finishing and bleaching pfocE5$e* p bui having easier access to 
Liverpool for raw materials* to Manchester for iturkcnng the finished 
products, u> coif am I by virtue of the coiKcnmition of large numbers of 
riidl> to pools of skilled labour both for operating and maintaining the 
machinery. 

An important exaiuph of tJii- first phase of stcjtn-powervd nulls survives 
in OitcII * Mill, Travis Street, Heaton Mersey, Stockport (loi/Sj 867901)1 
built in the nud-i Sjos by William (later Sir William) Falrkum (178^1874), 
the edebraed Manchester engineer, The nail] Lai storey* and the main 
tpmrnng rooms are 280ft Jutig by raft wide Cast-iron column* and beams 
support die Hucitv, Numciow k™ spectaerdar examples can be found ui 
f,lost l ^ c texfik towns, simple in shape and design, with maahguLir 
windows regularly spaced arid supanied by almost their envu width ot 
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brick wall. 

Front tlir tSfon onwards, ami particuMy after the vviAapJcad adoption 
of the American nng-spiimiiig frame, cotton niiila beta me much larger and 
were typically built of dark red brick with progressively increasing areas of 
glazing The introduction of sprinkler system* tor lire control necessitated 
Ihgit-leve! water unis which wete at first simply placed on the root of the 
milk as at ihe 1JJ51 Galgaie silk mill at Ell-el (94JSD 4®JJH} Ry the Lte 
j however, it u k more rfimmoti 10 enclose the tank within the structure 
eif a tower that frequently bore the name the mill in w'hite tile lettering. 

The gradual recover ui 1 he Lancashire cotton industry after the 
devastating effects of the American Civil War Jed eventually to a new boom 
in building, which, between about I and 1020. brought ihe cotton mill 
ui its ultimate state ot Jevctopniem. Enormous brick-built -spirming milk, 
often in slimy red Accrington bncls with yellow brick detailing, great ex¬ 
panse* of glass and highly pmaiiitnra! lowers, were built in large numbers, 
and they Uill dominate t ht skyline ol most towns between Preston and 
Oldham. The Jem and created by large machinery lor bigger and bigger 
spacer with fewer intermediate supports wa* tolled by ucw constructional 
technique! employing initially fabricated wraughtHion beams and laicr. 
ai at Cemunary Mill, Prdtoii I94/SD 551297), built in rolled steel 
beams and concrete tfmrtf Levs load was carried bv die external walk, 
which iu many eases became almost entirely jt®®i the brickwork being 
reduced to little more than 1 millions between large glazed paiub. All- 
concrete k instruction was slow 10 be adopted us Britain, although it rapidly 
readied ^in advanted state or development jhn?ad p notably in Prancc- 
Concrete, however* was 10 bring rhe dl-gUs* will to the textile milk one 
of the results ufc uvushromu construction iti which cosier ere pillar, set welt 
in from ihe skin ol the buildnig supported die doors on the cantilever 
principle. A good example ii the ViyctU UcMty designed by F. A. Broadhemi 
on Castle Boulevard* NtJUinghamflu/SK ^ 70394}- 

In parallel with die evolution of the null's shape and straatm came 
important change^ in power tram mission The earliest w'atef-powcred milk 
had used timber millwork. unnkiittibg ihe power by wooden sit aft* and 
gearing, hi the latter pare ot the eighteenth century cut-iron shafting and 
gears were introduced, to be superseded by light weight wmughi-iron dmft* 
rmilvicig .ie higher speed* which were developed tirsi by Kurb.iitn ill the 
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late t State, The grey lest single advance came in the Itilktf* when shaft drive 
was dispensed with altogether -and ropes driven from die flywheel of the 
steam engine ran to each floor of the mil! (see Pag 30), The flywheel face was 
grooved in take a* many as thirty cotton lopes, which ran up d trough the 
rope race to drive the line-shafts at tads floor Ropes were mechanically 
efficient, cheap to insrall and maintain* and if a breakage occurred* the whole 
iiiitl did not have in suspend production, j£ it did when a fault Lfose in a 
ilmfi-drivcn system. A specific type of engine evolved* too, in the steam mill 
eng me, which became widespread m both Lancashire and Yorkshire. It wjh 
usually a horizontal compound with a variety of cylinder eon tig urinous 
{set: ChapEei \ and Fig 14}, A superb [mil engine n preserved by the Northern 
Mill Eugmr Society «W Dec Mill, Sluw, neai Rochdale iioi/SD 94joy;)- 
Nearby is that other typical feature of all large steam textile mills—the 
poof qt null ‘lodge*, in which condenser w ater was cooled and stored 

Although the spuming side of the textile industry produced a largr and 
very individual style 0/ null building, the weaving of yarns into fabric 
resulted man equally dmincnve iflesispeciacubr ivpcofstniciurr Typically 
weaving was carried un in a single storev building, although 111 earlier milk 
locum occupied the ground floors of muli-siorry spinning blocks. -A good 
example oi a weaving shed wands lti front of Cressbfook Mill. Derbyshire 
{iu {SK iT.iTisy it-- roof of fidgc-imi-fturow form, w ith glazed north- 
lights an the ^teef^pitched faces and late 1 - oti the shallower side:- Wooded 
toof crimes with cast-iron columns were almmt Universal for weaving 
sheds, the looms being arranged m liners between the rows of columns on 
which hue-shafts were earned. North-cast Lancashire in pa mail at abounds 
in weaving sheik mainly built in the latter part of the nineteenth century, 
when Weaving Urea me a speciality of towns like Nebon and Colne* Hum Icy. 
Blackburn. Preston and CliEhcfOc lit many wjy* the weaving shed* with n> 
large ground Boor jrca and good all-over lighting, formed ilic basi* for the 
modern factory budding to be uc m on every imer-w ir tiding mw and 
New Tow ik 

On the cast ot the Permutes the early period of mill buildings imrii, say, 
] ®iO B wa* generally similar to dwt chi the west, although iron* was almost 
universal a> a building material An early exception was Gutt l Mill, Lccd* 
(u6/SH 1913,35), a large complex consisting of spinning milk and weaver* 
dwellings which wav unfortunately demolished in the lytfO*. 
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jtistiii exceptional, although for completely diffcrcm realms* wa^ another 
Ltcili milt, which happily still Matshall’s flax milt {prt/SE 

completed mjimc r*4G h is- b-is^ii on the Egyptian temp I c of Karttak* Designed 
by Hcnomi and David Roberta the tingle-storey preparing and spinning 
mill stretches j pyd along Marshall Street, and is 72yd m depth. The interior 
*r>om ot the Fcmple Milk is it became- known, coven some z acres and 
slender casr-iron columns (winch also act as drainpipe*) support a criltng 
Jitt high which has over 60 conical glai* skylights j^fr in diameter rising 
above the roof. Along the facade stand squat columns flanking the windows, 
and supporting a massive Egyptian ni|ut; entablature, and co the north* 
hark slightly from the street hue, is the office block added in 1843. 
The original chimney, built rather after the style of Cleopatra \ medic, 
tracked m rHji am! was replaced by .■ ctnivvnfum.d one. John Marshall 
(17^5-1^40), who built the Temple Mill ,md was also involved m the 
Shrewsbury lii 3 x mill oi 17^7^ c^tablitiLed ho liueii niJustrs in Feeds hi the 
early aHoo* The peak of its prosperity was exemplified h) his Egypt pit 
adventure of die ifcjes but later, under a second general inn, the business 
declined* tn end tinall) m t#K6. Temple Mill is now used by J mail order 
firm. 

Two great complexes, m Bradford cpthimisc the Writ Riding', pmttinti 


$$ rlj c mill .u kiltakc. Titut Silfi inode I village nrar Bradford, Vorkihiir 
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E« tlisr iextile industry hi the wcond half ot thr nineteenth century* although, 
curiously enough, neither was concerned specifically with wool ai the outset* 
Best known is Salt. lire, die pfinned village surrounding milk , created bv 
the model employer, social improver and phihnthropUi, Titti* Sdi (iRoj- 
76). Sail was bom in Morlcy* near Bradford, and grew dp in the worsted 
industry in parmcnhip with hU father at * tune when die West Hiding was 
beginning tD outstrip tfs-c traditional centre of worsted maiiufaCTtne in 
Norwich, His considerable bmbim and inventive abilities enabled linn to 
set up kin hU own, and by > 836 he owned four miff, His success in spinning 
the fibres oi the South American AI pea goar, previously regarded as 
unusable, ted 10 a great increase in busbies at a [ime when a wide variety of 
differing warp and weft threads were being experimented with. By 1831 
tie had started a large new factory (Plan- 55) on the Kim Aire outside 
Bradford around which lie also built the new settlement of Spiral re. with 
ns neat row* of houses for employee!. By tlw i-Hyov \ church, lu spiral, 
baths and schools had been added to form the complete model village which 
survives, virtually unaltered, today, a stage in the progress from New 
Lanark to Port Sunlight *ud Bourn vilte. 

The other major Bradford mill \\*t built bv Sainud C. 1 later (l8l *-iyon) 
at Mstmmgham (ytf/SE 14634s) and date* from 1873. Lister was an inventor 
and improver of processes* raking ont more than 150 patents during \m 
lifetime. Starting hi the worsted industry, hi\ major contribution* included 
processes for combing wool and Utilising waste dlk, aiid it was on die strength 
oflhi* latter tcchrmjiic that the great Manning ham Mill complex developed 
{Plates and $7), Velvet and plush were the mam products which resulted 
LHtcr’s improvement of a Sp anish loom for weaving pile doth, "fhe 
mill itself conihti of two large six-storey blocks each upped by an orna¬ 
mental and panelled parapet, and a series of lower buildings principally 
devoted to weaving, in the centre is the boiler house with a tall chimney 
resembling an Italian campanile. 


11 The Chemical Industries 


Ti ilL dicmuTjl industries present the industrial archaeologist with even 
greater problem* chan the engineering machinery discussed in Chapter ?„ 
and Tor generally similar reasons, Nor only are rhe jmHWse* of the industry 
fairly complex but the structures surviving from its post ate often difficult 
to i dentil v in the field. The very wide range of processes and plant can best 
be appreciated by reference to early textbook* on the subject like G< MutinV 
tndmirini Chemistry (1925). The landscapes created by massive conceit rnrinm 
of chemical plant, in pbces like Widncs, for example, arc among the most 
uujteraim't imaginable awl, fat this 1 casern, derelict building* and old waste 
lip* of rustic materials, an* among the ftni to be removed in cite mtcT<.-st> 
oi nd in i-*s and pliblic fety, An a dded difficu11 y results frnin the £u:r t hat die 
products of the chemical industry arc rarely ends in themselves bui ire the 
raw materials for oilier mjmijfiauniig vtwcr&e*, The iudimrv’v evolution 
lut thcrclorc been governed by the demand* of other industrial activities— 
of textile manufacturer* for bleaches and dyes, of glmmakcrs fur soda 
and of the fertiliser industry tor ml plume uid. To paid nee these chemicals, 
the industry demanded a wide variesy of organic and inorganic raw material, 
ranging from veawerd for alkali* ami exotic foreign hardwood* for leather 
dy« to salt, copperas (derived from iron pymes) and alum. Coal besides 
providing the b^sb for town ga** was also an important raw material for 
many chemical** although iu main significance '.\4b .1 furl and a* such .m 

inqKirtam Lief or in the location ot thermo I processes depending on hear. 
More recently oil Um» become an impomnL perhaps the most important, 
chemical base, its use extending luck 1 surprisingly long way Scottish oil 
*haJo were once the most mipnixini home source, bur the vast quantities 
now used for fuel and chemical manufacturing purposes will nearly all 
continue to be imported until North Sea Oil comes ashore in any quantity. 

The varied nature of the chemical industry and im many products make 
systematic damnification and examination difficult. Organic arid inorganic 
raw 1 materials were used, alkalis and aad* were produced, and furnace 
technique* involving fusing and vitrification, evaporation resulting iin 
cryuJJbjtiuii, md distillation were in inmi important processes. Two 
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of the most industrially significant furnace processes of wki is sit essence 
pin of the chemical industry* ihe manufacturer of pottery and of gl^v 
have already been considered in Chapter g> so ins primarily Wttb crystal!] o- 
lion and lititillariott that we arc concerned in this chapicr. 

SALT 

Common wit, sodium chloride* has long been and fill! is an important 
raw material for massy ebcimcd products* d though for centuries before the 
Industrial Revolution its extraction, mainly by mponimn. wa* geared 
to its sale as an end product iti its own nght for direct human equsunipfMin 
and for the preservation of fob and meat Although solar evaporation 
uat used 10 a limited extern in medieval iuues T only Jt Lymington in 
Hampshire the technique practised in relatively recent years: there 
for about r5 weeks in the summer seawater was concentrated into a brine 
volution ui evaporation ponds known as 'salients* before being boiled in 
lead or brass pans to extract the crystalline vail From September the brine 
obtained during the summer was evaporated* using Newcastle coal brought 
in by sea, an expensive process only made economic by the saving reuilttag 
from vLibr evaporation and thr l.irgc nearby market of the Royal Navy at 
Portsmornk, which needed uh tor preventing b :H and. poik on board ship 
Tire lymmgton ^.dr industry reached its peak of production in the mid- 
cighteenlh century + whm 30,000 tons j year were being produced, and 
finally Josed in *86$. The low baitkf that unrounded die evaporation 
pool 1 , can still be \ccn nn Keyhaven and Pciiiiiiigion. manlier (iflo'iiZ 
j 159:15}. Similar circular banks exist -it Crowcanonby, near Mary port 
(Bz/NY 066401). Siltworkerv' cottages stood nearby till recently. 

The ocher main areas of salt extraction from seawater were the Firth 
of Forth, the Ayrshire coast j round Saltcoats, and the esumy of thr Tyne 
anti the nearby coastal arras of NorrbumhcThnd and Durham. The availability 
of cheap coal was a major locution at factor, only the poorest quality slack, 
which was not worth the cost of transport far from the pithead, being used. 
It was often known as 'panco.il' The process wii carried <nlt in healed pans 
made initially of lead but later of iron iti which the water was evaporated 
until the salt crystallised, leaving behind a solution of calcium and mag¬ 
nesium salts known as 'bitterns' b some iicas, such as Lyniingtoiu the 
bitterns formed 4 pmfiLibJi? by-product in the form of Epfom salts, 
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being produced for every foo tons of common Sab. In Northumberland, 
Seaton Sluice {78/N2 JJ67 6%) wi> developed a* a coal 4nd tali port in Llic 
iCVcmoerttli century* and on the firth of Fojfh east of Edinburgh the ancient 
It come ofLrestonpaus firs name derives from the process earned on there) 
con untied seawater salt extraction down to 1959. 

Hie discovery of rock »1| m Chiihirc about j 690 and on Teessidc nj 
provided the found ation for the modern Dritisli vik industry and tiu- 
chcmiCiiJ processes based on it. Initially sjIe from natural brine wells had 
been evaporated in the North with andi Middle'wiefa areas of Cheshire, 
aud near Droit with in Worcestershire, The 'wick" place lutm ending is .1 
strong, but not infallible, clue 10 die existence of a -alt industry, The 
extensive mining in ChcsbiEc^the great Marston Mine north of North wich 
(roi/SJ 6760) produced tiOLOOO tons in gave way co brine pumping, 
m which water wii ujculated through borehole* sunk into eJ il- sals JeptHm 
and brought hack to she 4 * a solution from which the ult could 

be evaporated or, more recently,, used in die chemical indiisrry direct. 
Evidence of the executive subsidence canted by sab working can be seen 
around Nofthwich in ilic form of extensive pooh or ‘Hashed, ami to the 
cast of the tow n are brine well* (1 io/SJ 7471) There is now only one active 
salt mine, at W&trford, Strath of Mrddlcwidb tbe main Crewe tn Manchester 
railway line surfers constantly from the linking of die ground surface above 
sale workings. Some of tha: finest surviving imvmi'n utthe ult industry 
arc in Winsford itself (ito/SJ $99997). They are the timber sheds used for 
drying salr, and their construction, which is entirely of timber as metal 
fittings would corrode in the salt-Ldcti atmosphere, provides an interesting 
example of the timber-framed tradition of Jotnettic building carried ih rough 
inti* industrial structures To the north of the town at Winmngton fno S] 
6474) n the plant sex up m 1871 by Ludwig Monel (t&jg-igog) anil John 
Brunner (1842-^19) to produce synthetic *uda by die Belgian Solvay Or 
immouia process. This largely replaced the Leblanc process discussed below, 
Brunner, Mond tk Co Ltd became one of the four largest chemical mam:- 
beturers in Britain, and in 192^ amalgamated with the other three—The 
United AlLali Co, the British Dyestuffs Corporation and Nobel Industrie'— 
to form Imperial Chemical Industries. Wmnmgton is the headtjiLmen; of 
the ICS Alkali Division .ind is well placed for supply ofit$ basic raw materials 
ot ^att k limestone and coking coal 
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SOAP 

The growth of die yv*k>I and taler cotton textile industries created new 
iemlandi for soaps* bleaches, dyes and the mordant* which fixed them, 
Tile two Rum types cif wrap used for defining flcctrv and doth were mixture* 
of fats or oils with nutd alkalis, hard soap employing the alkali sodium 
carbonate (soda) and soft soap the alkali potassium carbonate (potash). 
These material* wctc boiled together (or long periods to cmiikily the 
ingredients, so j fuel, usually coal, w^s^ri additional requirement, From the 
thirteenth century' onwards Bristol became an important soap-making 
centre based on the coincidence of local coal supplies and the great wool- 
producing areas of Cilourestetshirc, Somerset and Wilts! si re. So important 
was the industry ilnii the medieval writer Richard ot Devizes wrote: 
Bristol there is no one who it not* or has not been, a soap maker/ Today 
the industry in Bristol h extinct, although its major industrial monument— 
the exotic brick-budl factor) of Christopher Thoma-. A. Broth ix makers 
of Puntan soap, at Broad Plain m the centre of the city (i;56/ST -i 077 -^) 
dates only from tile tSSox Tile building, now used for storage, is one of 
the small collection of surviving structures which represent tlmt curiously 
Bristolian style of commercial architecture, voineiime* known colloquially 
as'B ristol Byzantine', of the 1870s and i$Kos. 

Before the wap industry could retch an induct rial scale ol production, 
tlte problem of m raw materials had to l*c solved. Soda and potash were 
obtainable from the ashes of wood and ^aweed and both were alwi increasing¬ 
ly ttt demand from glassimkers. Salts erf sodium being much more plentiful 
in nature than those of potassium, and the most abuts dam of all being sodium 
chloride, it w.j* natural that tliu hncr should be wen as a possible lource of 
soda for the soap industry'; and tile French chemist Nicholas Leblanc {174^ 
1606) in f'JQ 1 succeeded in developing a workable process for converting 
Common salt into soda, in the earliest Leblanc process the first stage was 
the treatment of com men salt with sulphuric arid so form indium sulphate 
(sal (cake) with die liberation into the atmosphere of hydrochloric acid gas, 
jjid the second stage the heating of die salt cake with coal or coke and lune- 
utonc or chalk to produce crude sodium carbonate (ball soda) tn softrtion and 
calcium sulphide and coil ash as w aste products. Waite beat from the lum-ices 
was used co evaporate the muL solution* producing ash' or anhydrous 
sodium carbonate. The stages may he represented simply thus: 
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r Sodium chloride- Sulphuric acid— Sodium bisulphatc— 

NaC! H^Q a NaHSO, 

H vdrocli loric actd 
HCI 

a Sodium chloride-*-Sodium bisulphi£e= Sodium suJpfme-|- 
NiCi NaHSO| Na a SO ( 

Hydr ochlonc add 

HCI 

The first reaction heguu at ordinary temperatures, but require* heal. The 
end product, idscakt is melted vvith limestone or ch.dk and coal 01 coke: 

I Sodium sulphate-t Carbon = Sodium sulphide--Carton dioxide 
Na*S 0 4 iC Na*S zCO, 

4 Sodium sulphide - Calcium carbonate—Sodium carbonate- 
Na t S CaCO* N^COj 

Cahlum sulphide 
Ca 5 

From these bier reaction* some carbon monoxide is produced and of 
course coal ash, 

The first works in England to operate the Lcbhnc process was 11 WaJkcr, 
east of Ncwentle-upon-Yy i ce + using uk from a brine spring struck in the 
Walker Colliery. Vs nous previous sotb-nukmg processes had been tried 
4S tins works hut in tJtej it had become solely 1 Leblanc soda factory, 
In the same year the second works in tlie country was established, bv fumes 
Minpnit (1K21-71) in Liverpool On both Merseyside and Tyneside the 
indu strict thrived, and both areas became important for soap making. A^ 
Leblanc so<b making grew* however, there was a rising tide of pmese rn 
Whines, 5 e Helens, farrow. South Shields and other places against die 
po| Eu don result mg from die r cleave of hydrochloric add ga* into the atmos¬ 
phere. As much as iilcsvi of gas Was produced from every ton of salt, and 
this Bowed from the chimneys of [he chemical works to defoliate the trees 
and poison livestock. The result of diis agitation was the passing of the 
Alkali Works Act in rftfij, which stipulated that at least *15 per cent of the 
hydrochloric acid gas had to be condensed. An alkali inspectorate was a\\o 
set up to see that die law was obeyed. (This early involvement in clean air 
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4L"iiviiy laid flu; fouiid.il ton of tin: pracLied approach 10 problems that still 
exist in tin: UK, where enforcement of the 'best ptmkal mean*' of 4 bate- 
ulCHI is preferred to the netting of arbitrary cmiwoti Icvcb.jTlic nuirmum 
chimney* used hy the soda lactones to dissipate the gaso—out at Sr Roilox, 
Glasgow. w.it 420ft high— had m bt replaced bi condenser* most usually 
in the lorm of towcTi in which rhr gat fitted upwards through beds of 
coke while water flowed down through iliem The alkali maruilacturoti 
now Iiad 1 new by-product, hydrochloric arid, with which ro pollute rivers 
ami sMaito instead of ihe atmosphere He fore long, however, all but the 
smallest works were using it for nuking bleach. 

liie soap industry of Merseyritfc. which developed in Whines* Wimtig- 
ton and Liverpool, produced 1 wide range ol products and cvcnRuuly 
gave birth to ,* completely new induct rial complex that was n> become the 
home of one of the worlds great soap combines. Willi am Hesitih Level 
(1851-1925) founded Port Sunlight (100/^J on die Wirral or Cheshire 
side oi the Mersey estuary in i«S8, and developed then- a factory and model 
village for his workpeople far itt advance of anything previously built. 
Viscount Lcvcrhialinc, as he eventually became, was not a romantic idea(1 it 
but a voctal mliRt ai well as a successful businessman, He talked ot the days 
when "Workpeople will be able to live and be tajnfomblc ni seinUhuclicd 
houses, with gardens back and from, m which they will lie able it* know 
more about ihc science of lik than they can do m a b « k slum/ Port Sunlight 
was ihir realisation of tin* philosophy, the creation of an ideal community- 
Group of Tudor' cottages with plenty of traditional half-umbcnng and 
moulded plaster work were arranged in carefully contrived am around 
lildc greens and enclosed spaces -it an average density of only ct^ht dwellings 
per acre. In a way Port Sunlight did a disservice to- die movement towards 
better workers' homing, for although it wa* Important environ menially. Jt 
was not conceived with any thought of iiu.uuial realmu. The much mute 
mundane Cadbury experiment ac ISoumvdle. near Birmingham (iji/SP 
04K1), based on a return of 4 per ccm on the investment in building m order 
10 encourage focal authorities to Imitate ii, had 4 greater inHocnrc tin subse¬ 
quent development* The uidmtru] archaeologist as a student of industrial 
Landscapes should visit both. At l J on Sunlight, m the Lady Lever Art Gallery, 
he will also find a fine portrait m oils of Thomas Itfford. 
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aL£AC3!INC AND DYEING 

The demand fox a chemical bleaching a gem that was rapid in action was 
largely created by the cotton fabric mlIc ol cJil textile industry, which liad 
grown beyond the itage where the natural action of sun* rain and w ind on 
doth spread out in hicachficlds could cope vnfb the enormous output, 
tt was die bleaching action of chlorine, first recognised in 17E5 by the French 
chemise C L Bcrfhollcs (1748-1822)* which was eventually applied to 
fabric*. The maim ( inure ol j chlorine-based bleach was tin! developed an a 
large scale by Charles Tennant (17<5fl— rS3W}. far which he set up the St 
Koilox chemical works m Glasgow Ell £799. Previously sulphuric :£cid had 
been used !o liberate chlorine from j misaure of common sail and manganese 
dioxide, but Teimaut patentedundid compound o| chlorine and bine known 
as chlondc of lime or bleaching powder, which was less harmful to the 
people who made and used it than chlorine in aqueous solution, fa tSoo 
reiinaiit was filing bit bleaching powder at jTi 40 per turn front his Glasgow 
factory h% die industry grew and techniques improved, the price dropped 
until m 18 70 it had Gil leu to 10s per ton, presenting an enormous saving 
to doth maruit'acturers. \n the 1860s technique* for recovering chlorine 
from the waste hydrochloric acid of Leblanc soda plants were developed, 
and this eventually became not only the uum tnean> of producing bleach 
but in many eases the primary source of income lot the Leblanc works. 

Cleaned and bleached doth often had to be dyed* but although the 
soap md bleach Industrie* were revolutionised in the early nineteenth 
Century, development of 'bsf Jye> came much later. The principal dye- 
ware* used throughout Europe were much the sjtik x as they had been lor 
centuries and included vegetable-based imlcn.ils such a> saffron, turmeric, 
wmd and logwood* A mill engaged m the fogwoml dyr industry tcmaiiicd 
m use until 1964. and can mil be seen at ftevriiimin in Somerset (r56/ST 
656679), Albert Mill. Keymham (Plate 58), conum* 2 logwood chipper 
and a set ot troth; cdge-mimri* for crushing die wood chips, batli powered 
by an external iron waterwheel of l§ft tiin diameter and 9ft width. The 
woods included fustic* from Jamaica* South America, Greece and Turkey 
for yellow dyes; Brazil wood for pinks and reds; ebony to give olive green 
tor glove leathers; and New Zealand Tanckalia to supply a gulden brawn 
colour, 

Tn order to make the dye adhere to the fabric, mordant* had to be used, 
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and sonic of them significantly altered the character and colour of the dye* 
themselves. One of the earliest was copperas, which itself was used for ink 
and black dye. Copperas was obtained from the oxidation and hydrolysis 
ot iron pyrites (HeSJ, loiuetiiur^ called fool s gold'. The process, earned 
ant in large open pit’s initially at Queen borough on the Isl t ot Sheppey 
and at Dcpt&ni cook up to 5 years, the copperas liquors (FeSO*. ?H s O] 
being led j\v,n rn cisterns a\ the slow atmospheric oxidation took place. In 
the eighteenth century numerous works taking advantage of the pyrites 
found in locally mined coal grew up on Tyneside. Besides its use as a dye and 
mordant, copperas was also a source of oil oi vimul or concentrated 
sulphuric acid, which resulted in a highly profitable by-product m the tunu 
of Venetian red, an iron oxide. 

Mure important as a mordant was alum, a double sulphate of potassium 
ami aluminium, which was produced tLrrtc m England at Cuisborough m 
Yorkshire m 1595 Alum shales outcrop extensively on the North Yorkshire 
coanr and in Lind on die: nonhtrm and eastern dopes nfc the Cleveland Hills. 
Huge quarries, as at Ravetttctf (pj/NZ 9701) and on the chffs at Boulby 
(K6/NZ 7519) and Kettlmcss (86/NZ fijiy). were excavated diintig the 
nineteenth century to obtain the shales, whfch were subsequently calcined, 
usually in heaps on die floor of the quarry itself. The calcined shale was then 
put into stone leaching or lixiviation pits usually floored with large stone 
flags and the ft-mhing liquor wa-- evaporated in lead or iron pain over coal 
tires. Extensive remain* of the alum extraction process have been excavated 
recently by the Tecsside Industrial Archaeology Group on the edge of 
Boulby cliffs in North Yorkshire. Sandsend (Hft.NZ 862128), north ot 
Wliitby, has die scanty remain* ot" a small wharf built for shipping out 
alum. 

During the second half of the nineteenth century the dye industry changed 
rapidly the result of work begun by W. H. Belkin (l£38-1^7) in 1850 
while studying under A* W. von Hoffman uBift-92). Hoffman came to 
London from Giessen in Germany jv the first superintendent of die Royal 
College of Chemistry. established in 184*- Hoffman and Perkin carried 
out pioneer work on coal-tar derivative*, and it was one ol these, the hrst 
commercially luccessfd synthetic dye, a mauve, that Perkin offered to 

58 ^rune cdgcHninneis iu r crushing logwood* Albert Mill. Kcvridiam. kmrfici 
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I'ulbr i oi berth m 1S56. The .subsequent Imtory of tile ijmthcttc dye industry 
during tile Litter part <d the nineteenth century provides an example of .1 
technological takeover evert mote startling in its proportions than the 
American nse to pre-eminence in machine too! design in the same period. 

Germany had led die world in pure organic chemistry for more than to 
yean before Perkins original discovery, Hoffman being one of her leaders 
% die 187W (.iermatiy had overtaken British output of aniline dyes. Be¬ 
tween t8B6 and 1900 the six Isrgesi German firms took out 94S British 
patents, whereas die six largest British firms took out only eighty-six. 
By 1900 Germany had 90 per cent of the world market. The prominence of 
the chentiu in the German dye industry also provides 3 salutary indication 
of tile appreciation of else need for high level research. In 1900 the six largest 
German firms employed some 1K.000 workpeople, 1,300 commercial 
staff. 3 so engineers and technologist-. and 500 chemists. At the same date 
there "'ere less than forty chemisii, i>f generally lower quality, employed 
m 1 he whole British dyestuffs industry. By tie inter war years German 
chemical pre-eminence had widened into pharmaceuticals, synthetic 
per tunics and flavouring, saccharine, synthetic rubber and numerous other 
product). After A. Ur. von Hoffman left London in i>6j 10 take tip the 
Chair at Berlin, there was no chair of organic chemistry in Britain until 
1874! Study of the Industrial Revolution is often preoccupied w.th technr- 
logical innovation, growth and capture of world market*, especially when 
seen from tile standpoint of Britain. The machine tool and chemical Industrie* 
provide dcamplo of how an advanced country with well established 
traditional techniques can fall back mio a state of relative underdevelopment. 
Tlw fact that Britain and the United State, were forced into a position of 
having to catch up emphasised the importance of scientific a „d technical 
education nul underfilled rhe fact that rhe educational system necessary 
to provide scientists and science-based engineers needs to be set up a generation 
in advance. 


suLrmntic acid 

Sulphuric acid was one ol the most important base chcinicah of die ’chemical 
revolution' of die nineteenth century, being required in ever-increasing 
quantities. Indeed, its ntc of COnMunpdon mas be regarded as ouc of die 
measures of die commercial and industrial prosper! <v of .1 nation, so widely 
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i» it used. Both the LcbLiix' soda protest and Tennant * bleach nuking Ji> 
pended on it. ti did muiicfouj subi(i|iiciit tlcvelopmcnn. Knowledge of the 
acid dated back many Centime jtiJ lievmpuor* ofiti drMilJanon from green 
vitxttd or fermui sulphate (FcSO t . yH,©). itself derived from copperas, 
txcur JS nr Iy JS * ST*}. Continuous manufacture in Britain probably began 
m 1 HiMcttcnli am and Richmond m die and n^Oi. A Jinjat advance 
entile m 174^ when Jo!in Roebuck (I7TS-94) and Samuel Garbett (1717— 
11^05) .«1 up 3 sulphuric acid plan! in Birin tugham. probably to satisfy 
rise increasing demand troxn local metal itiJihirics Tot die acid u a cleaner 
an ^ bi tlii£ and mW|ucnt processes lead chambers were used 

(sulphuric acid docs nut attack lead) in which nitre or saltpetre [potassium 
nitrate, KNO a ) and pure sulphur were burned over j shallow depth of 
water on to winch the fumescondensed, Tile process was repeated at intervals 
until the tk[iiid I14J reached the rupture J strength. 

The jvaibbifity of cheap sulphuric and by the lead chamber process was 
one ot the great invention* of (be [nduvtri.il Revolution making available 
s °i‘ instead ot the more expensive potash far the soap and glass tndustrie*. 
Seeing greater uipplie* of pouwiutn sata inr agriculture and, after 12*45, 
being 1 wed directly in the manufacture of phospbaxk fern livers (super- 
phosphates), which became the principal mulct for sulphuric acid, in 
addition it uvo used for die manufacture of bleach and explosive*. After 
i±*]D b when Chilean salipctm (sodium nurate, NsNOj replaced the 
pQtasjfuiR salt, sulphuric acid became cheaper srilL By the J&70* die lead 
chamber process had reached a stJFe of great dffidcttcy. with its main cvincea- 
trations in die North East of England. Glasgow, Lancashire and London. 

I oday the lead-chamber process is completely obsolete and remairw of it arc 
virtually non^exim-ut, the high value of scrap lead encouraging rapid 
demolition. A direct contact process, eliminating die use of sdt pem m was 
propounded In die iSjeh but not taken up lommcrctalty until 1914, A 
major producing area is now Tecssidc, ming local supplies of anhydrite 
(calcium sulphate, CaSO.J* mined at Bilbcigh.mi. 

GtiNPOWDi* 

Gunpowder manufacture is not truly a chemical imhoiry process, as it 
involves tile mixing of sulphur, saltpetre (potassium nitrate) and charcoal 


iSij 
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(carbon) without any reaction occurring berween them. Of Chinese 
invention. t[v first European use— prnlubh at [he result of rc-in t'carion— 
wji in Germany in the riiiJ-thirtccndi century and ft quickly spread from 
there. Its use for blasting purpose* in England probably dales from the ifoos. 
and in Cornish mines from 168$. More sophisticated and controllable 
explosives, including dynamite and gelignite, replaced it during tin- nine¬ 
teenth century Tile industry developed ir several areas of Tin tain and a 
number of sites still contain recognisable and comprehensible remains in the 
Lake District it Blaclbcrrk (Kfl/SD 3348*9}, nor Booth, lies ilie site of a 
mill operating from 1H01 until |ij;S, which is now a camvan park The 
approach lane was once a railway track from the Urai estuary, The office 
and wcigh-housc still survive at the such entrance, and there arc also some 
steam pipes tram the anginal engine-house. water power not being used 
here. The Lowwood works of 1799 stood near Ha vert h waite beside thu 
Ktvcr Leven (fty/SD 347 ft}?)* but h> now substantially overgrown. More 
ewensive remains can be seen, however, at Elterw^tcr (89/NY ] 2 8048), 
with two waterwheel pm, now occupied by turbines, a number of the 
original buddings, edge-run lien and a small Jwwfeer used for testing powders 
in the grounds of Eltcrwutcr Hall. The industry started in the Lake District 
in 1704. using salrpctfv imported from India and later Clide and Germany, 
sulphur from Italy and Sicily and charcoal from local hirdi and alder trees, 
although junijser was used at Low Wood. The Lm mill dosed in ,y J7 , 

1 here is another important gunpowder site, currently the centre of a 
major conservation programme, at Favcftham m K cm (na/TR 
where the Chare Mills are being restored. For sume )oo years before the 
closure of the works u. 1934 Faverdiaui was a major centre of the gun- 
powder industry Much of the buildings and machinery was destroyed but 
in the Home Works, oldest of all and once the Koval Gunpowder Factory, 
some of the plant survived. Known as Chart Milk, they contain two pain 
of gunpowder nulls consisting nfedg^rumim. each pair worked m undcni 
off a single large witCrwJied. After some 30 years ot neglect, restore cm hy 
the Favtnhatn Society ir now well iti hand. Another area of gunpowder 
manufacture was Devon, where there were three ketones working in 
1S90. Rename of oneof these can be seen on Dan moor, wfcttbc buildings 
have been incorporated into Powder Mills Farm (i?j/sr a* 8 7 ijg), which 
stands north of tile Bjau Prtncefosvn to Morctonhainp* t(;a d road. The 
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willi 1 4 ihrc-c whcdhowct and two nil chimney* can been san on the 
moor behind the 1^rm H while a small mortar once used for testing the 
powder stand* by die firm rntfajjte. Stonge of gunpowder presented very 
%petT.jl problems >>! setunty. md powder houses, mu illy small. Milnmih.dly 
built brick or stone buildings, are a common feature of many mining and 
quarrying areas. The dangers arising from powder on board ships while 
they were in port was solved at Bristol by the construction of j powder 
home on die ttiver Awm (r jrt/S"I 357765) at which ship could discharge 
any gunpowder before entering the crowded quays and wharves of the 
city. 


PAPER 

As with gunpowder, the manufacture of paper hardly qualities for in elusion 
among tile chemical industries, although since the iiiTO* at least the pulp 
Irons which it is produced has been boded with various aod and alkaline 
reagents to purify it. Up to the beginning tjf the timet ecu th century iii 
paper produces were made by fund* using a vai and hand mould The raw 
nutcriil Srom which the paper pulp was derived was essentially rag, but 
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during tile lattCT half of die nineteenth century this wai progressively 
rep bred by cellulose fibre from coniferous trees A variety nE additive* 
were mixed with the pulp io improve the quality of the finished paper, and 
of their, diilt* cUy, used to make lugh.-qiifltiry 1 dense white papery if the 
most important- In the original hand ptoccuef a fibrous wpcii.ucin, highly 
diluted in wscGCTi is contained in the vat. The vat man dipt the hand mould, 
a fine wire screen surrounded by a wooden frame (the decide]. into the vai 
and life out some pulp from which the water is allowed to dram. The 
deckle i» then removed ami rite mould with tile fibrous web of pulp lying 
on it is passed to the couch man. l ie transfers the web on to a woollen felt. 
Further webs on felts are stacked on ie and the whole transferred to a screw 
press where excess water Ls removed by pressing. Finally the webs -ire 
removed from the iHts am! hung in a loft for drying in the atmosphere. 
The limitations of this hatch type of process arc obvious, and the demand 
for paper, which had been increasing with the spread of printing, was 
trvmtujjly satisfied by the Fourdfmiet machine and cylinder mould. IJmry 
Ftiurdritricr (1766-1854) developed a machine in the early years of (be 
nineteenth century io which the pufp w js ted continuously on to :i moving 
belt of gauze through which water was allowed to drain. Successive squeezing 
eliminated further water train the web umil it was strong enough to 
support itsdf, when ir passed 10 j vemw of steam-heated ruth that elini&iaied 
the remaining undoirablc mohmre A modem pa pern is king nuchinc js 
usually of lint basic Fourdrsnier type* often several hundred tcct tong. The 
proportion of the machine involved in removing tvattr from the web 
cither by drainage or steam represents over 90 pet cent of this total length. 
The speed at which paper, and mure particularly multi-layer boards, can be 
produced is determined bv the rate ai which the water can be removed fiom 
the webs. A development tn this field during ihe rjrk i^6fc was die Livct- 
form' madiine in which water was removed by gravity from he low and by 
vacuum box from above die webs The protoryjK of this machine is pre¬ 
served in Bn mo! City Museum. A nanmiiiJ pj pens saki rig collection developed 
by the industry Jt St Mary Cray m Kent has now been transferred to the 
Nmili Wr.'stcrn Mim urn o! Science and fedmohigy in Mjmchenv;. 

the diwributimi of eighteenth- and mnrccemh-ccntury piper mills m 
the period before the industry became focused on a relatively small number 
of large pmductEon limit w as based on three primary locational facto rv A 
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source of rags was a major require mart. so the proximity of a large urban 
centre was essential* and ihh centre also provsdcJ a market tor the finished 
pnp*T. “Hie third requirement was large quantities of dear water. In the 
Bristol area .done the Bristol bid ust rial A ft hacologEc.il Society has i Jen titled 
thirty-eight sites of extinct pa pet nulls ill addition to the seven where 
prodummi ml! continues. Most of these were located on streams *wcb ^ 
the Chew anil Axe, Howing from tlw Mrndipt At Bath lord (156/ST 79^7■) 
a small null yptoaiiscs in ihe production of “India' papers for hiblc* and 
dictionaries,, made on a single K|jii machine. A 1912 honzontal-tandcitl 
emu pound mill engine by Wood Brother* ofc Sower by Bridge drove tht 
machinery until 1906, w hen the milt was converted to dearie power. 1 he 
engine remains m sitM, Wookey Hole Mill, near WelU (165/ST 531466], 
owned by W. S, Hodgktmon & Co Lti is probably the largest hand-made 
paper mill m the world, dating hack to i6iO or even earlier. It produces 
mo 11 Id -nude account books, deckle edge notepaper and paper bank¬ 
notes. Of the abandoned nulls m the area, numerous buddings survive. 
Kiinc converted to other purposes, but little equipment re mams. At 
Slauglitcrford (1 jfi-ST 839738} * rag mill used for preparing the raw materials 
is now dc rebel but die iron watershed still survives. 

muHHEN 

Tile origins of the modem rubber industry are twofold, based oh two quite 
distinct vegetable raw iiutcnah. One ot these wk gutta-percha, a tree gum 
from Malap introduced sn the i&im for Emulating purposes, it gained sesmr 
importance rn the manufacture of stilmtukic telegraph table* and (be ftrn 
cables bid under the streets of London Eventually the superior qualities of 
rubber made the harder and mote bnttle gutta-percha obsolete, but not 
bciotc :Iil- irrepressible Vitiorijn enthusiasm tor anything new bad rebutted 
in household ornaments and even (able ware be nig made of it. Several 
companies were formed, mainly lu London* to process the gum, and the 
name of one of these, the 5 . W Silver tk Co Gucta Percha and Rubber 
Works, founded itt 1852, is perpetuated in Silvenown (t6i/TQ410800), 
between the I loyal Victoria Pock and Woolwich Reach, 

Rubber is made from the lares of a free native id South America, its 
fcjjrTi'Lt afExact 1 oil to European industrialist* o( the late eighteenth and early 
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nineteenth centuries being i« unique qualities of elasticity and impermeability. 
A patent was grained as early as 1820 to Thomas Hancock (lyHtfN-iSrts) for 
making rubber latex springs, and in 1823 Charles Macintosh a 

Glasgow diculfcil manufacturer. patented a technique for dissolving rubber 
in coal-tar naptha, 1 by-product of the gas industry, and applying the scjlu- 
tion to fabric. I te set up a works in Manchester fur making waterproof 
gwnents—die »»«[*!( mackintosh. Tlic problems of stick 1 mss and perish¬ 
ability to which these early rubbers were prone was solved by the intro¬ 
duction pf the 'vulcanisation' process, in which sulphur was mixed with the 
rubber. Developed in 1841 by Charters Goodyear in the United 

States, die process was offered so Macintosh in Lug]and, but Macintosh’s 
partner Thomas Hancock worked out for himself how to vulcanise rubber 
and tiled a British patent in 1844, beating Goodyear bv days. Vulcanising 
resulted m a much more stable material and pruvided the foundation on which 
the rubber industry could expand, initially wit!) products like rubberised 
fabrics and dll's soles and later on a bigger scale altogether as the result of 
tin- grow ih ot the motor industry and the establishment of huge factories 
like forr Dunlop on the outskirts of Bimnnflbjjtn. 

Much i.f the equipment used in the mixing of the constituents of rubber, 
which in the ease of tyres includes powdered carbon, was until recently 
surprisingly primitive. Masticator*, rather like enonttom niangles, are used 
and an early example, from in Avon factory in Wiltshire, is preserved m 
iiiisnil MmctJin. Calendering, introduced in 1836 an J anotJicT basic manu- 
ficturiiig proecH. totems of rolling rubber into tlic surthce of fhbrie under 
great pressure between a series of homcmed rollers arranged one above 
another. A variety of criteria have affected die distribution of the rubber 
industry 111 Britain but 111 unusual tautiotinl factor was responsible for rhe 
cstabluhment of the industry 111 the Bradford on Avon and Mdkshim are .1 
of north-west Wiltshire—ike availability of empty' wool textile milk 1 he 
industry toll occupies some of these, although its modem expansion has 
taet^n based on new bmWings on new mkJ Urgcr 

on 

During die twentieth century the chemical industry has had j new raw 
mateml in oil, which im provided tile basis for a van range of products, 
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fettkdmg detergents, organic *o(vcuts, epoxy resins* sulphur* sulphuric add 
Ami numerous plastics. Mmt of tJii^ industry u bawd on 3uiported oil, but 
a few native sources arc actively worked, in east NoLtmghmishire around 
Eakrmg (112/SK 6763) and 111 north Lcrcestefsltice jruund i J lungaE (t2i/SK 
77m) unmanned pump* may be seen lifting oil from wefk They are iti 
stfect beam engmev—an electric motor driving one end, the ocher connected 
to the pump rods—and their characteristic movement has gamed them the 
name "nodding donkeys. 

The other main sourer, uow Ho lunger worked, was ml disk, of w hich 
the largest concentration in Britain occur* in the Lothian* of Scotland. 
Exploitation began in i 85 i when James Young (i 8 it- 8 j) 3 brilliant scientist 
who had assisted Faraday and liter managed Tennant’* chemical factor.' in 
Manchester, started mining the shale, from which lie refined paraffin and 
paraffin wax. The industry grew slowly imiil 18G4 when YcnmgV parent 
lapsed, and by *870 ninety-seven firms had been founded of which nca rl>a 
third had afreadv tailed. American competition after sy*G precipitated a 
decline and the industry finally 1 became extinct in nX*3- Kern aim are 
numerous, the most obvious being the waste rips known as 'btogs', At 
3 urbane, neat Bathgate. West Lothian (fti .’NS gs.tfftti]. stand* ttie bing from 
Young's pioneer enicrpriu- of rifsi: this incidentally is xvlicre die geological 
name Torbanitc, applied to the oil shales originated At Broxburn £m/N 7 
0877^^) in iHoz the discovery of large shale deposits resulted in a boctfi to 
the Scottish oil industry. T J: ivillage .usd nearby Wmcli burgh to the north 
are products of the industry, which Iw left 4 spectacular Iambi.ape of bitigv 
to the east of the Hftozo n-.id running between the two . ["he refinery, 
founded m was south of Broxburn ar Purapberstom In north Somerset 
oj] si biles were worked car k this century on the sea difls east ot Waicbef at 
Kilve (164,'S 7 1474 j?). where die remains of a distillation plant eii the form 
of a brick tower still survive. 

Perhaps the most spectacular source of oil in Britain, and one of the 
earliest to be commercially worked, can be seen in the so-called Tar Tunnel 
at Coalpon, Shropshire (ny/SJ 694025). Excavated in 1787, probably to 
give access to coal, the murid struck considerable quantities of natural 
bitumen, which were exploited well uuo the nineteenth century, Today the 
tunnel is adiniuiiicrcd by ibr I mu bridge Gorge Museum Trust and is 
accessible to visiting who may view itie cavernous 'lari wells leading off 
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the bnckdmcd tumid ai intervals along its length. 

The seciur of the cbemkal industry using till for its raw material it [vr- 
\upi too rnodati .i develop matt id form 4 legitimate hcj of study for the 
indusma) .irchiieofogist. \% ha^ been pointed out cWwhere, however, it as 
hot absolute dare that ptovides a criterion by which the industna] ardiaeoto- 
giia cm work, jiiJ in iuJustne* where lhi' rate o! change is rapid much of 
undoubted historical ami archaeological dgiiifirauee 1 will be Jo*t if n i* not 
tworvled Again the point about the complexity of the process must be 
mach: T as this pUccs additional responsibility on EndiistricS themselves to 
ensure that there is a rjuotuJ mJ coniprebcluivc approach to the prrserva- 
ion ot ardtivil material and the maintenance of a record of evolution. To 
the mdmtnd irdLicolog^r engaged in the examination of the physical 
texnams ot the chemical industries tills chapter l.lh only provide the most 
generalised ot iiidicicioiis on ike directions eij which to look Certainly the 
obvious lenmams of the industry vastly tin dentate us importance in the 
inilusTtMI dcrveiopiEieiiE ok llntam and cvm it the opportunities Idj eon- 
>cnMhon of significant plam and buildings jrc limited. md probably in 
nuity cases difficall to justify, thr need for the retention and study of 
documeaLiry material iv pitantotini 
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The continuing and rapid provCcv*r* of mdustfiahsatioh throughout the 
nineteenth ccn rtiry h ad p rofound effcc is upon the wa y of lifir of t lie pop illation. 
fftd uteri ilka iron brought with ir large-scale urbanisation* dcsrtoyiltg the old 
balance between town and etumm and creating within the newly bulging 
horrifying conditions of ovcrcrowdmg, ^qiuJor and disease. Liver¬ 
pool^ population increased from *2,000 tn 1807 to 2 Q 2 ,uqq in f&ji* and 
this before the massive immigration from Ireland after r!?L|5_ Lettk, at the 
kcture of the West Riding woollen tiuiuitry* dim bed from >j F tX*> to laj.oOO 
in the same period. In Hinntngham, Glasgow, Manchester and Sheffield the 
pattern wtti the same, while London continued to maintain its superiority in 
lire over all other town*, 

The techniques of town living had become well established Inf ore this, 
cxplusi vc growth m the early nine teem h century, but the sudden increase hi 
scale, coupled with overcrowding, completely swamped the simple processes 
of wafer supply from wells* and of sewage JbjvosLLl thru ugh open gutter* 
for, in the more enlightened towns, by "rakotV nr night-soil men). The v, aier 
closer, patented by Joseph Bramah tn I7l<* could l>e little used because them 
were few proper sewers and often no regular water supply. Enormous 
pressure were put upon iowm and their administrative systems* such as they 
were, but cholera epidemics a prevailing laiztrr faitr attitude to corporate 
initiative, a la eh of atlccpiaic medical information and the total absence of 
any ' public service* technology all militated again si reform alid improve¬ 
ment. But reform did come, and a combination of private cnnipanin and, 
increasingly. local authorities, gradually brought about the provision of 
water* gas and drams, transport, housing and other urban necessities. From 
the mid-tttjoi town* had powers 10 supply water, by the 1S40* to provide 
gas and sn the 1H70& and s^os to build tramwjyi ami supply decirk light. 
The Public Ed tilth Act of 1*75 was only one of a large number of legislative 
moves 10 ensure proper sanitation ami maintenance of good general living 
conditions. 

With these developmciii* came a new breed of prafadotttk The British 
Association of Gas Engineers, formed m under the I a mom sanitary 
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engineer Thermit HawktJcy (1*017-93), followed 10 year* later by the 
Institution of Municipal Engineers. By the end of 1 he cenmry three more 
professional groups had been formed to cover sanitary engineering (iSyy). 
water supply fiHttf?) and heating and vufitiLittoti(i 8^7). Great works, privately 
-ml public k financed* sprang up sn md around the expanding urban areaii 
and today provitie some et the most tangible physical evidence of the 
improvement m the quality of town life during the second hall of die 
nineteenth century'. 

wateh turPLY 

A prime necessity of life and of many industries is water, and the need for 
larger and better supplies., of which those concerned with public health were 
die first to be aware, became generally recognised by the early nineteenth 
century, Ihc major ^hitcc* of supply a re riven ind lakes, reservoirs con¬ 
structed, specially to store water and pervious water-bearing rocks under¬ 
ground. Pumping station; for lifting water from Jeep well* arc nuwt 
tiittmrroiis m the Midkmb ami luuth-eavurn Eng Lind, although dftry also 
occur tti other plate; uke water is taken from rivers. Large dams and 
reservoirs are generally confined to mpuaiotnomcountry eii Wales. Scotland 
and the Famines and often provide water tor cities stieh as Birmingham, 
Liverpool jcid Glasgow- by long-distance aqueducts, 

Some of the first large-scale w ater in stall j dons in Britain were b uilt to 
serve London in the early years of the seven wen eh century. Under the 
direction of one man, Hugh Myddehan (*1560-1631}, and largely at his 
personal expctiic, the New River, some 40 miles long was built to bring 
spnng water from HcnibrdUiire into the City. The New River Company 
was the first of London's great water supply companies and the aqueduct* 
much of which is still m use today, was formally opened on Michaelmas 
Day. 1613. when water was let into the Round Pond at ClerfamWclL Traces 
of the pond* together with remains of Smealoub engme-bousc of cf?6&, 
may be seen at the Metropolitan Water Board lundqumm at New River 
Head. Rosebery Avenue, Islington (jflg/TQ 313828). Of die conduit carry¬ 
ing the New River itself, a good section remain between Rulkmoor L^, 
Waltham Cross and Greens Lane, N4 (ift^TQ 318,(78). A nineteenth- 
century straightening, by which the New River is tamed in a siphon pipe 
*hc Cuffley Brook, may be seen rear Maidens Bridge, Forty HiJf 
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Enfield (itfo/TQ HJ9&7) The old course is ■s.iill traceable winding round 
Forty Hill. A further shortening, dating from 1859, mm between Myddkton 
Road {160/TQ 3:0^916) and Hontsey High Street. 

The New River Company, which look over tlic famous London Bridge 
Water Works, w 2$ soon to be followed by other*, and by nine sep jhk 
C ompel]ecs were serving the metropolis. This was reduced £0 eight tn 1^45. 
when the Southwark & Vauxhall company wan formed by the amalgamation 
of two of them, and 111 ti>Oi T after committed pressure from the London 
County Council, a •-ingle Authority* the Metropolitan Water Board, was 
formed to take over them all. 

The numerous companies set up in the early nineteenth century randy 
had the capital to develop nuior source* ot supply* especially where reservoirs 
or long aqueducts were requited. Provision was generally intermittent, often 
with the water turned on for only an hour or two each day, I'hi* was very 
apfatahawy where water was needed for street cleansing* fire-fighting, 
sewer-flushing and for public bath* and wash-housct, the first of which hid 
been opened in Liverpool in 1S42. For ihese reason* most of the larger town* 
tonk over their private water companies. frequently following this with 
massive capital expenditure on reservoir or pumping schemed Relatively 
tew of the companies were Urge and rffiriem enough to resist these takeovers, 
although those serving Bristol* Pommumli, south Staflbrdihirc, and 
Sunderland and South Shields retained ihctr independence. 

In die early nineteenth century a number of Act* were passed autjionsmg 
water undertaking* to take water from riven or to cam.truer reservoir* 
without any restriction as to the rare of abstraction, but generally speaking 
the rights of riparian owners using water to power nulls and factonc* were 
protected by defining minimum amount* of compensation water. Dam* 
were at first constructed of earth* a watertight core of puddled day being 
faced on both sides by filling material; on the svatef side *tonr pitching 
covered the face to prevent erosion, while [he outer face was covered m 
Noil and then grassed To prevent water from poking under the darn* the clay 
core was set in a trench dug down to a watertight fotmdatioti such as rock or 
shale. The early earth darns were mainly m the Pennine*, hudi to >ervccitit> 
like Sheffield and Manchester. The first large miaOnry dam. on the River 
Vyrnwy in Montgomeryshire (117/SJ 01^193) datei from and wa* 

built to serve Liverpool It 1* 161ft high and i.iyifr long Behind it on the 
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like side stands j remarkable turreted *ca«L*' containing the valve controls. 

From the industrial archaeologscal point of view the most spectacular 
installations associated with water supply arc tire stain pumpmg engines 
built to lift water front wells or to pump « to high-level storage merveirs, 
(‘iiginci were generally of the beam type, superbly finished and maintained, 
set iti ornate and frequently quite exotic buildings, and surrounded by pouts, 
trees and immaculately manicured formal gardens. Two such engines are 
preserved by the Bristol Waterworks Company ai Blagdon iri Somerset 
(ifj/,ST jojtSoo), jnii at I’appEewick in Nottinghamshire (i t;i/SK 5*2522) 
wo riotously ornamental rotative beam engines (sec Plate 12) by James 
Watt & Co have come into the care of j preservation trust, Papplcwick 
pumping station was erected in t*8j-j to pump water out of the Hunter 
sandstone for the growing necth .if Nottingham, and represents the ultimate 
tn elaborate construction and setting. In Sunder Sand Kyhopc pump mg 
station (7* NZ 404525} is also being preserved, and in pan of tile adjacent 
boiler home -i museum of water supply equipment t% being establishcd. 
again by a private preservation trust, m this taw working in dow liaison with 
Smiderlanil Museum. The four Cornish pumping engines at Kew Bridge 
waterworks, Brentford (170/TQ 1*8780), last worked in ^44. they are 
undoubtedly the finest single cun centra tion of die breed tn the world and 
are preserved by ihc Metropolitan Water Beard, from whom permission ro 
view can be obtained. 

In the late nineteenth century and early twentieth vertical triple-expamtoti 
steam engines, similar in general layout to those used in ships, supplanted 
the beam type. A number are still in use. including two t.ooH hp Worthing¬ 
ton Simpson engine, (see Plate 15) installed at Kempron Park Waterworks 
m J92S and believed to be the largest land-based triples m Britain, The same 
works lias five further triples huilt by the LiltahaJl Company of Shropshire 
in tyjoo but now out of use. At the opposite end of the vale a single m p| c . 
xIki by IdlleihaJI, can tie seen by appointment at the Chelvev, Somerset, 
pumping station (165 S’J 474679), 

Reciprocating plunger or piston pumps were usual with nuyg water 
pumping engines but towards ihe etui of the nineteenth century centrifugal 
pumps, noubly those made by G wynne, vs ere used increasingly. An extra¬ 
ordinary Hater pumping station, although nov, devoid of its original equip¬ 
ment. forms a noteworthy feature of Marshall Place, Perth {jj/NO ui ’ p) 
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Designed in i&JO bv Dr Adam Anderson, then rector ot Perth Academy and 
liter Professor of Natural Philosophy as St Andrews ii has a central rotunda 
with drum and dome flanked by lectangiitar north ittd south wings And an 
annexe to the wc«. The drum and dome fanning die reservoir are or cast 
non decorated with Ionic pilaftm and supplied by the Dundee Foundry 
Company This re murk able n&ay in the iscinriJaiinn of classical iorais to 
functional needs is nor only ingenious but a snrpnsingly satistaciory piece of 
design. Numerous other humbler water towers can be found all over Britain, 
often in commanding positions and visible for many miles Ixcause ot their 
need to be higher than ihc area they are supplying. Low-lying south Lanca¬ 
shire has a number of good examples, notably Victoria Tower on Greetby 
Kill, near Ormskifi (todSD and a neighbour cast of Tower Hill 

(i&o/Sh 423085] to the so nth. There in a fine concrete water tower at 
Ncwtoii-Je-Wiltow* near the M6 Motorway (teo/SJ 59995 ?)* -tnd a corn- 
manding bncfc and stone tower at Frith Meath, Godalitimg (lyu/SU 97 ® 445 }» 
sn Surrey, 


WASTE DlSrOSAl 

Diipo'yJ o\ town waste had become a major problem by the middle of the 
eighteenth century, and although London had since die 1 Mas, in theory at 
least, some sort of rubbish disposal organ isation + uiosl other rides had nothing 
at all. Rivers. streams or udal estuaries and the sea provided the means ot 
curving away die unwanted detritus ol urban humanity, and in some parts 
uf Britain this utuadon mil applies, flic Thames was London s thtxd 
maxima, which was supposed 10 t^ke my on each tide the city t waste 
products. The realisation that diseases such .is cholera and typhoid were 
Wltcr-homc. and that all too often drinking water .iitd waste water came 
into contact svith each olher. provided the great incentive to instdl sewers 
.mil sewage Treatment plains- In two cholera epidemics ill London in the 
middle of the nineteenth renttir) nearly 20,000 people died, emphasising 
particularly the need for iystCTmuiC methyls not only ot water supply and 
disnibtmnn but, more important the dispina] of waste water in underground 
pipes 10 areas away from the town, where tt could be suitably treated. 

In 1855 the Metropolitan Board of Works was created, with 'Sit Joseph 
B^algettetifiiy-yi) as its engineer, to provide a system of sewers to prevent 
"ill or any part of die Mintage within the Metropolis from flowing tnco the 
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Thame* in or near die Metropolis' Ba^lgcxtch monument.]] undertaking 
provided the framework on which most of London's sewage disposal system 
still depends, and although much of it is below ground anti not easily avail¬ 
able: for the industrial archaeologist to examine some of the surviving surface 
remains exhibit a magnificence of conception and execution equal to the 
works oi many a barer known engineer. One of the main difficulties iu te 
overcome in providing London with an Hlkieni sewerage system was to 
carry the waste products away from the urban area itself os most of the existing 
sc wot flowed at right-singles to the Thames, BazaJgctrcfs solution was to 
construct major sewer* para!Id with the river on each side of 11 —the 
Northern and Sou [hern Outfalls—running to Barking m Essex and Cross¬ 
ness in Kent. Generally the gradient was sufficient for a gravity flow, hut at 
intervals a pumping station was needed to achieve enough height to maintain 
an effective gradient. An example is at Greenwich High Uoad. Deptford 
(iGi TQ y 7777-) i where four beam pumping engines lifted low-level flow 
i Kit info the Southern Oudj.IL Only the Irolbiutc pump house ot i K 64 now 
remaim, 

the often extravagant lengths to which the water supply companies went 
With dieir pumping stations were exceeded only by the w orks built by those 
authorities responsible for ihi eventual disposal of die waste, The Metro¬ 
politan Board of Works perpetrated two such works which, in all their 
elaborate mid-Victorian improbability, arc quite without parallel. One, the 
Abbey Mills sewage pumping station in West Ham (i6t/TQ s&SRp]* was 
built between 1K65 and i% 6 % and originally housed eight beam engines 
which were mi loved in the iotas The Vcnrtmn-Gnthic !*vlc bull ding with 
itv exotic interior casriron work survives, however, a remarkable tuonimicnt 
to the beginnings of the aiiti^pottutioti movement. Even more unlikely is the 
Southern Outfall pumping station in Thames mead, Here the Crossness 
sewage tratttUW works (itfi/TQ 484&1 i), also built in the mul-i86as, is 
still complete, with four ujhp beam engines by James Wart & Company. 
Now'out of use and iced all over by hordes of invading pigeons, the incredible 
cast-iron tracery of the central octagonal framework supporting the beam 
floor has taken on ilic appearance of a fantastic petrified cathedral While 
efforts ate being made to preserve Crosuicsi pumping station, three other 
sew age pumping installation*, already safe in the hinds of local authorities 
arc accessible to visitors In Shrewsbury die Cofeliam (nH/SJ 49*121) beam 
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pumping engines preserved and run from time to time on electric power; 
built tn i^OO by W. R. Reflshaw of Stoke-on-Trent they were in use until 
t^TO and then taken over by Shrewsbury Museums- In Leicester, Abbey 
Lane pumping station (121/SK 5«906A). again with beam pumps (built by 
Giinsun in the exotic manner). is being preserved as the focal point ot 1 
Museum of Technology fur the East Midland*. Eastney sewage pump mg 
station (tflt/SZ67Jpfi9) is one of a number that clear sewage and surface 
water from low-lying Ponses Island, on which Portsmouth stands. Originally 
iwu Clayton beam engines, installed in tSfiS. provided the power, but they 
were scrapped and replaced by two large compound engines by James 
Wait & Co, installed in 1 BSrt-7. These in turn became redundant in i 9 Sri 
when tour English F.lectnc,ilsulzer electric pumps took over flic main load. 
The Watt engines and their engine-house have recently been restored by 
Portsmouth Museums and opened to the public as the nucleus of an indus¬ 
try! museum. Also on the site are three T- type t?obhp Crowley double- 
ended (opposed-cylinder) gas engines driving langye centrifugal pumps, 
Dating from 1904, these engines are still maintained for standby use and 
may eventually be preserved. 

As an example, Portsmouth illusttsto very graphically the improvement 
tn living conditions and reduction itl mortality that resulted from better 
public health, largely brought about by good drains and sewers. "Ihc Sewage 
and Drainage ofToWttS Act of tft+j marked the beginning of steady progress 
itl a town which had a particularly acute drainage problem, especially on 
Port sea Island, where the highest and most densely populated area was only 
12ft above the level of ordinary tides. Two large pumping stations were 
built to pump effluent front the sewers, at Eatmey in the ittfos and Stam- 
thaw m the tSflos. By die 1930s fifteen more pumping stations Ivad been 
built to cope with Portsmouth’* sewage and drainage. Over that same period 
the death rate dropped from an excessively high 25 'i 7 P cf 1.000 tn 
when the population was 71,000, to one ot the lowest for large towns el 
iK'tj in 1S91, when the population stood at 1 if).ait; by 1933 . with 13^,71x1 
people in Portsmouth, the death rate stood at 10-7*. though many other 
factors had come into play by then. 

Disposal of domestic rubbish had ken achieved in tome towtu by using 
scavenger* who dumped the waste material in specified area* away from 
housing. In many places, however, it was left to ror in the streets. Systematic 
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collection became widespread m the second IiJe of the nmere-ndi century, 
but it was not until rite introduction of destructors diat tlicrc was an alterna¬ 
tive to dumping. Even today a targe number of local authorities dump their 
mbbiik The idea of 3 destructor is a simple our, involving the burning oi 
rubbish at high temperature to clcsuo) all organic matter nid reduce it in 
bulk. A riunmiutd sustained temperature of about 1,250 F is needed to 
achieve complete combustion ot j! 1 noxious contents nt the waste, and most 
early destructors fell far short of this. Charles Jone* of Ealing, who erected 
the first destructor near London in itiS^ wa* also the first to grapple with 
the problem of fumes given off by meompkre combustion* and in 
designed what was known as 'Jones' Fume Cremator, Tliis did much to 
make dcuructnrt more acceptable to people living downwind of them, bur 
it was nor until forced draught, coke fuel and carefully designed com¬ 
bustion cells were developed in the imjos that high temperature destruction 
of all organic material buth eliminated the rnidJ and reduced tlic waste to 
an innocuous duiker* Today domictors arc widely used, and many of 
them, as examples of late Victorian public health engineering and -irdii- 
recture, could well bear more detailed examination by industrial arehacolo^ 
pm- So ioo could, sewage treatment plants, once called sewage firms of 
which numrmui early examples arc being modernised or replaced, with 
[he destruction of what is frequently iim-gcneraiion equipment, fn towns, 
manhole covers frequently provide a due 10 the type and design of the 
pipes beneath them and often bear the name or initial* of the original 
authority responsible for construction. An almost completely extinct feature 
ot sewage systems is the sewer gav lamp, built io bum fumes from the pipes 
below street level. An example of J. E. Webb's ‘Patent Sewer Lainp + can be 
seed id Caning f ane. Strand, London WC: (tGoM'Q jpjSgA), and another, 
from Stour bridge, is preserved in tlic Blists Mill Open Air Museum, Iron- 
bridge, Shropshire, 

GAS 

The lint piiictkti demomrrarion of ilic combustible possibilities offered by a 
mixture of cv>iiE gas and air is generally attributed to William Murdock 
(1754-14139), principal engine erccror m Cornwall for the firm of Boulton & 
Watt- [11 1791, the year after he had taken out a patent for a preservative 
treat mem for ship*’ bottom* that had led him i \\u* various distillation ex- 
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perimerm, Murdock generated gas bm coal and lighted a room tu his house 
b Redruth. Although miuicrom iitliers had experimented wjfh ga* given 
off by cooking' coal in an oven. Murdocks particular and important ton- 
uiburion. on which the beginnings ot a practical gas industry were bounded r 
was \m systematic investigation o! the comparative behaviour at different 
claim of coal under condition* of varying temperature and timet of car¬ 
bonisation. Although there was little rm mediate interest in Mur Jock * 
experiments, news of parade] work in France being earned out by Philippe 
Lcbtiu (1767-1804). and tin active support of die celebrated Manchester 
chemist William Henry (1774-1836)* encouraged him further and he re¬ 
sumed Ins work in 1S01, In the following year he illuminated the Soho 
foundry of Boulton ^ Watt 10 commemorate die Peace oi Aniictis h and 
before long the company was marketing commercialJy a gas-making plant 
using Murdock's horizontal retort b which to carbonise the coal* Heat front 
.1 furnace was applied to the retort through Hues, and crude gas rose to be 
carried asvas to a vertical coiuIcusct. whore a jet of water precipitated the 
tar and washed it into a tar pit. Tile system was used extensively tor lighting 
lactones, whose owners weir eager to adopt something more effective than 
the traditional candles or whale oil lamps. 

In 1812 the first com piny selling gas from a central generating station 
through mams to independent consumer* w.ii tonxuJly established. It v - is 
the Gas Light & Coke Company, which by itfrj had built more dun zfi 
miles uf underground mains ill London. By then gas W 3 S being made Hi 
tapered horizontal retorts* charged and discharged by scoops* long-handled 
shovels and rakes and punried by pacing, it through water to which lime 
had been added# After purification* 3 somew hat imperf ect process until tlir 
i|4^ H ^as tv as traiHitTiiEi* J through iron street mams to houses* factor]es .uid 
many public buildings, where mindly it was used exclusively for lighting. 
Early gaslights can still be found with ceramic fish tail’ burners on which the 
ga* burned as an open wilWlniuc, Noe until the ™ air mixed with 
gas to achieve more efficient combustion! the most obvious and familiar 
example of this was introduced by die die hum R W Bunsen (t** t-W) m 
lies Heidelberg kboracory in 1855- *" *W ■>*» became more widely 
Used than merely for lighting with the introduction of the water geyseT in 
1 MU die gas ring in 1867 and die gas fire widt radiants in 1880. Gas cooIc¬ 
ing was not common until tlte iStWh ami g*s for heating house* on any- 
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thing bkc a targe ktsIc did not became established until the early 1900*. By 
ihtti the traditional stronghold of gas—lighting in streets and buildings— 
was being dircitcned by clcctric-arc jnJ incandescent fib mem Limps, which 
were introduced comnicrdjlly in the imd-iEfcov. The invention in of 
the mean decent gas-mantle by the Austrian Carl Auer van Wehbach (1&5S- 
1939) enabled gas to hold its own and survive welt into the mid-twentieth 
century. particularly in streets and nil way stations* where Jarnp* can still 
Oticuioluliy he found. To the mdiiuruJ jurhaedagirt gas-burning equip- 
meni offer* an area ol study worthy of energetic pursuit, as the rapid change- 
over from coal-produced gas to North Sea natural gas is resulting in the 
diminution of almost all equipment more than about to years old. 

Similarly the conversion 10 natural supplies of gas has almost completely 
eliminated the traditional gasworks, and there arc now very few carbonising 
plants tn Britain. The bade processes of coal gas manufacture arc still the 
same, comprising the destructive dmiJbtion of r«a) of low ash content in 
retorts which in most works today arc vertical and mechanically charged, 
tbs from the retorts parses through various cleaning processes in which by¬ 
products such as coal tar and ammonia are recovered in “washers' and 
scrubbers'. The gas is dim pumped, using an ‘cxhaifeter 1 , to a gasholder 
before being distributed to eomumcrv at a controlled pressure. The approxi- 
mate composition of piped coal gas is usually 35 per cent hydrogen, jq per 
cent methane and 10 per cent carbon monoxide, with small quantities of 
Other gases. 

Although coal-gas manufacturing equipment is rapidly disappearing, a 
few plants ire still active. Some of these, (ike the gasworks at Biggar in 
Lanarkshire ( 63 /NT 0393 7?). are very mull, with hand-fired retorts (Flare 
to) and one gasholder. Gasholders, often misnamed gasometers, still have 
a storage role and are a familiar feature of many townscipcs. The earliest 
gasholders were thought to present a danger from explosion, and gas 
companies were required to encase diem in bnek buildings. This curious 
idea, which in the event of a mishap would presumably have made every 
brick * projectile, was won abandoned, and rite riveted iron-plate cylindrical 
gasholder much as we know it today emerged to become one of the symbols 
—together with dag heaps and factory chimney*—of everything that was 
undesirable in the industrial landscape. Some early gasworks have a curious 
charm, like die otic at Fakenham m Norfolk (i2j/TF919293), which, it is 
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hoped, will be preserved, or die other* already noted, ai ftjggjr. Whai is 
probably die earliest surviving gashofJcr anywhere it at Fulham Gatworks, 
Sands End Lane (jtp/TQ 36076ft). dating (tom die t^os. Another early 
example, with large spoked wheels over winch the guiding chains roll* is 
u Dolgellau* Merionethshire (i 16/SH 729*791 All these early gasfnddcrt 
consisted of cylindrical inverted 'bells supported by gas pressure and 
sealed by water at the bottom. Later several sections ot cylinder were tele- 
vcoped one within another, a huge frame of cast-iron pihars and Janice 
girders acting n a support and guide. Tlic No j gasholder at f udiaui was a 
fine early example of omaie iron framing, and a later and very targe example 
may be seen at Reading botdc the River Kennet, near its junction with the 
Thames ([6p/$U 731738). Later gasholders dispensed with the fixed guides 
on pillars and w orked with spiral rath on the side of eidi telescoping section 
or lift 1 * With the exception of preserv ed ptam—assuming that Fakciihani 
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gasworks is preserved—the gasholder is likely to be die only item associated 
with the luanufaccuring vide oi the coal-gas industry that will survive in usr, 


BLECTIUCITr 

Today we take electricity so muck for granted that it it difficult to imagine 
life without it. Not crtlj if electrical energy fundamental to the standard of 
living of us all hut it is also the major source of power for industry. Electric 
power has almost completely treed industry from the location d factors of 
the past, which tied it to streams -ind river* for water power or to the coal¬ 
field* when steam was tile major prime mover. Though a few activities 
such as aluminium smelting, which consumes vasr quantities of electricity, 
tend to be deliberately located near the point of generation or to generate 
for dirfr own use, to almost every other industry* avail a hi I in of an tldcrrieiry 
supply if taken for granted, <V* with gas, ilie provision of usable electrical 
energy is a four-stage proem comprising transport nf fuel to i he generating 
station, generalion, transmission and consumption. Also like gas, dir first 
electricity generating stitiom were mainly privately owned, of relatively 
small scale and located near their mat ken The crcatmn of a Nationd Grid 
in die sg jos by which all power stations were linked, the nation a I wall on of 
the electricity generating industry in 194®, and, jIhw all, the enormous 
increase in scale of generating plant, hat made it muds more economical 
to locale power stations near the fuel source {usually cod) and transmit over 
long diltmm by overhead power line. Thus the power axis of the country 
has developed along the valley of the River Trent, with j. wring of large 
base-load station* dose to the East Midlands coalfield. The location of 
nuclear power stations is governed by different factctv, as the transport cost 
of fuel ts negligible Those so far commissioned in Britain arc, in effect, 
market-located m that they ane 111 coal-deficient arci>. With the exctpiion 
of Trawsfyiuiyd in North Wales, they arc located on estuarine or coastal 
sites, for like traditional power stations they u!>e fleam turbines rhat need 
condenser coolant water For reasons of safety , however, in the event of an 
accidental discharge of radioactive waste, nuclear power stations also tend 
to be sited in fairly remote area*, I lie other form of dearie power, hydro- 
eJrcrridty. in which water turbine* drive the generator, has been little 
developed in England, although there are plains in Scotland and in North 
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WjIcs, The North Wales scheme, at Blaemu Ffestiniog* works in con- 
junction uub TrawsfynjlU nuclear power sUiion Imi not |io^ib]e easily 
to store high voltage electricity to meet the peak loads on power stations h 
but water can be stored, so slut the hydroelectric station genera ten during 
peak times, while in the off-peak period the nuclear power station pumps 
water from j lower lake back 10 the upper one in readiness lor the next peak 
period. This scheme allows the nuctear station to work at a very high bad 
factor and at the same tune makes available some 300mW oi hydroelectric 
generating capacity tor peak demand periods. 

The electricity industry nffen the mdusttd arch aerologist some important 
ttmaim at both the generating anil consuming end of die energy chain, 
although tor an industry which is so relatively new much in the way of 
equipment has already gone. The rapid rate ol development oi the tedt- 
nibgy of power generation* the changeover from direct to alternating 
current tor consumers, and the postwar boom inefficient deemed appliances 
in the home his made almost .my piece ot electrical equipment more than 
jo years old of historical interest. 

The hisis of all deemed power generated by mechanic*! means, as opposed 
to electrochemical I y in a battery, derives from the work of Michael Faraday 
(1791-1867)* and was first demuTssirated in tfljf. Oft I? October oE that 
yen lie plunged a bar magnet into a coil ol wire and generated, in his own 
words* '* wave i>f electricity , and 1 \ days later he rotated a copper plate 
her ween the polt^ of a magnet and found lhai a current could be taken from 
the axis to the rim of the disc Faraday s original experiment ot holding the 
coil of wire stationary while varying the magnetic held tonus in essence the 
basis of today's large power stations, although the bar magnet has been re¬ 
placed by an elect ro^cuagnct and the coils are so arranged that their windings 
are cut by the magnetic field as the magnet rotates. Thus iht iitedtanical 
energy requited to turn the magnets is converted into electrical energy in 
the windings. 

By the mid-1830s E M. Clarke of London was manufacturing (land- 
postered generators on a commercial basis, but it was not until F. W. von 
Siemens (t8took out 1 British patens lor a two-pole shuttle armature 
in 1 $56 that a satisf-ictorv small generator was available iti Britain. In 1066 
Henry Wilde and S, A. Varley in England and von Siemens m Germany 
had devised generators with electro-magnets and self-excited lields to 
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create they called 'dynamic electricity", meaning electricity generated 
b\ rotary motion, fa the following y cm Charles Brooke (iSd 4 - 70 ) used (he 
compound term ‘dynamo-electric’ to describe all machinery which con¬ 
verted mechanical into electrical energy. The tint dynamo of practical 
dimensions and capable of producing a continuous current was developed 
aboui 1S70 by die Belgian Z, T. Gramme ( Ig2*-I90i) k and j years Jaicr the 
Gramme Company was able to supply a rrudiine for public trial at West- 
raswflcr, where ii powered arc lights Manufacture in Britain nt a superior 
type of generator, developed m Switzerland by Emil Bur gin, was carried 
out in the early iSSos by R. E, B, Crompton (1845-1940), who built over 
400 of them. The first electricity for public electric hghrrng, at Godalining, 
in Surrey, m ifiRi, was p however, generated by a waterwheef Taunton waa 
another town that had an early public supply. 

Crumpton wai tine of the pioneers in Britain of commercial eloctnc 
lighting using arc bmps in which a coiitifiuou* electrical discharge wav 
induced between the tips of two carbon rods. Initially his self-con rained 
lighulie; units, consisting ot a portable steam engine driving a generator b\ 
belt and powering a number of lights, were used for j gnu id rural thowi and 
fete*, but bter they were installed in railway stations, the General Pott Office 
111 Glasgow, wircre two arc lamps replaced 180 gasjcu, and iu r£Ki ai the 
Mansion House m London. Here a combination of arc lamps and mcati- 
descent bulbs, developed hy Joseph (later Sir Joseph) Wilson Swan (1K2®— 
1914) in Newcaadfrupott-Tync, was used, The incandescent filament Limp 
demised by Swan comhted of an evacuated gbss bulb m which a curmit- 
cairyiitg 11 lament ctmnuuoWy glowed; although nor as bngiu as the arc 
bmp. it wjs reliable and more suited to domestic application*. Almost 
liimiltancomly Thomas Alva Edison in the United States invented ^ miuiLu 
Ump h which he patented in Britain. Subsequently Edison and Swan amalga¬ 
mated and formed the Edison & Swan United Electric Light Company 
bter known a* the EdisWiti Company, registered in 1883 with 11 capita] of 
£ mi The factory established by Edriwan 11 Ponder. En J, Enfield, in i88ri 
hifv recently been redeveloped and virtually all the original building have 
gone Ed rum aid y rhe site was surveyed m 1969 by Enfield Archaeological 
Society, h 1 t.i!idcsccnt lamps rapidly became popular and in 1 ji8j were used 
in the House of Commons, on die fairnn liner City uj RtihmMiJ, on a train 
Irnm London to Brighton, and in the Savoy thcaire* where the stage was 
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lit by Hz4 Jjmps t with tnnlu-f 370 clscwbrit: m the building 

All these early installations Jud their own generators. hut in iKSa die 
Edison Company opened its Hoi hum Viaduct generating -441 a uni, initially 
to provide cuirait for meet lighting but tatet extended to ^enx private 
ennramm In i8$7 the Loudon Electric Supply Corporation was founded 
to put into effect a huge scheme devised by S Z. Jv Ferranti 
who believed tlut the stfiiftciory development of ckrtne power hinged on 
generation in quantity. The power station, at Deptford (i(i;TQ J74779h 
was designed by Ferranti himself ami included two ^ketnatora deMgned lor 
5,000V .mi! powered by M<cjlip steam engines, md four with ra<ooaV 
windings coupled to a uugie fo,Ooohp engine. The hrst current wu traus- 
nutted horn Deptford in TNKg, ahhough the nation wa* nor in regular me 
until tltgi. Today Deptford power station (Plate 61) u tnudb altered from 
its first form. Though must of the original building; survive* and 4s such it 
h one of the earliest tmmumenn of die electricity supply industry. 

Throughout the power s rations, usually relatively s-ihaII. were built 
in many British cities by the newly ton tied electric light companies or 10 
provide light 2nd also c uncut b>r Urcet train*. Frequently nw power 
staiion served both functions In Bristol the original Central Electric light- 
mg Station budding of 189J (ijtijST 59472S) sdl survives on Temple 
Bark, and across the road on Phillip Street it the Bristol Tramway Company's 
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pcwtr ration building (itf/ST miw)* built in the early njoos. The Jatirr 
U particularly mtcresiing a* one of rhr few ration* m Britain built on the 
space-saving American principle, with its botlmon a ffocr above the engines 
and generator*. 

All these early power stations used reciprocating itcam engines with 
either belt drive to the genera ton. ur in some cases direct-coupled crank- 
shafts. The centraJ-valvc engine: developed by V W. Wiliam (f&sMP) in 
the inid-t&8oj wm the most widely used type, although bv 1H91 Belli* A 
Mutch in of Birmingham were manufacturing smaller cndoscd-trarik™e 
high-speed verticals with toured lubrication that were focal lor generating 
work. Many of the latter can still be found, mainly dating from the tyJO* 
and 1930s. generating electricity in hospitals. The problem with die re¬ 
ciprocating steam engine Was developing sufficient speed to power a 
generator efficiently The answer was the steam turbine, which was widely 
adopted soon after it bad been invented by C, A, Parson* (1X54.-1931) m 
1SS4. Today power stations use basically the satnc arrangement as that 
devised by Parsom. the steam turbine being direa-cmipkd tu die alternator 

Initially most power ration* distributed direct current on i iwi>*wirc 
system ax i icV This was later changed so 1 thrcc-wire %ysu-its at ;ioV 
offering ttoV between each outer wire and tile middle wire. As syrems ex¬ 
panded, it was found necessary 1 o raise die voltage m 440 and 120 respec¬ 
tively, with electric light* opr fating at the lower voltage and die larger 
dectnc motor* connected across th±- 440V wires. As the number of con¬ 
sumer* grew, the current How mg iu the mams became heavier, tin mains 
thcnwlvci became longer and loss of power through voltage drop readied 
scriotiv proportions, T he answer. originally proposed bv Ferranti, was 10 
mmmit High-voltage a I term ling current with mini 1 mil losses and to break 
down the voltage 10 consumers* requirements at local sub-stations and 
tr an sformer*. Thu? system ts the bash of our modem electricity supply nci- 
work baicd on a National Grid of 400,0™ and 275.000V, The area electricity 
boards distribute within their areas a\ I jl s oocV and below. rcduong to 
||*000V for heavy industry, 11 p oooV for tight industry and 4r 3/240 V for 
firms and domestic users. National 1.i-nd lines jrc almost invariably carried 
oil pylons foi cheapness aldwmgb iH-iasumdly, ^ m the W^e valley, ibev 
nu\ be tmdcfgmund to preserve scenic j menu 10. At rt.ooo-V power iv 
generally earned on svooden poles in conn try areas nr unde rground m 
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town*. 

The industrial archaeology of the electricity industry 1!lustrates the ir- 
relevance of absolute age when examining die historical significance of a 
die, .1 process or a piece of equipment Lt h (In: degree of obsolescence which 
matters and, in an industry changing a* rapidly as cWrnehy generation and 
supply, obsolescence can occur very quickly. In 1948+ when the generating 
Industry was nationalised. some 500 power stations supplied a maximum 
load of about lo.oooinW, Today four time* iiiat load is supplied by less 
than 100 stations, and only two or three new* ones ate required each year 
compared with more than twenty that would have tseen needed under the 
technology of 20 years ago. Thus operating power stations of the 1920s and 
1930s art almost primeval in (emu of today\ uu!nitty* and even stations 
built as recently as the Lite 1950s may only be used for peak loads. Few prr- 
War stations have their original turbines or generators, but a number have 
been re-equipped, with die result that it lias been possible to retain the 
buddings. Many of these stations, erected by the old private supply com¬ 
panies. had distinctive jrchi tec lurid si vies and detailing and, being budr in 
j period of generaf depression, represent somr of the few large-scale 
examples of building and engineering design of their period The most 
drnincnvc feature in the majority of modem power wmomvs the hyperbolic 
concrete cooling tower, which enables condenser cool am water to be re¬ 
turned to source, usually a river, at an acceptable Temperature The fii>t 
mnrme cooling lower? in Britain trill survive ac Lister Drive pow er station 
m Liverpool (too/SJ 387917]; they dare from the mid-TQios and appear 
tin Eiute bv die standards of tiicir majestic Trent valley lUCocssoti . Other 
early in wen may be seen at Croydon V power station. 

Efforts, are now being consciously made to preserve aspects on he electricity 
supply industry. and a museum may eventually be s a up to preserve 
important items' of generating, rrrnffrirmmg and trammussem equipment. 
Numerous exiting museums com mi small electrical ilrfii* such ns early 
dynjinos, motors, lighting and switchgear* Appropriately otic of the largest 
collections is in the Newcastle-upon-Tyne Museum of Science & Engineer^ 
ingp where the work of C. A. Parsons, J. W, Swan arid A, Q Reyrolte w 
well represented. (Terr. insula tors, sections of cable, m lamps ami early 
incandescent bulbs abound. The most comprehensive range of material, 
however, ss in, the Science Mminmi. South KemuigtorL 
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I he availability of dcctneity and of efficient electric motors encouraged a 
liiotfc of transport [hat had been developing sitter the ifctotiri u number of 
Hntrih towm. Initially horse^iJrawn, the street inim had been m traduced 
from she United States to Birkenhead m sSrio by Georgr Pranas Train, 
who laid a jft ain gauge line with Hanged mh from Woodsidb Ferry to 
Birkenhead Park, then a fish ion able residential area. Other line? followed, 
including 1 route in London from Netting Hill Cate to Marble Arch, but 
most had been removed by lS6z, largely became of the damage the up¬ 
standing edge of the %tcp rail' wai causing to the tytea of hone-drawn 
carnage*. However, grooved rails and Hanged wheels were substituted in 
Birkenhead and on another [mein the Potteries, and proved highly success¬ 
ful. Dy the l-iie iHtios the horsendrauii tram u\i> becoming accepted u an 
dikief it mean* of moving people in town srra%* T where a pair of hone* 
could haul .. n linear seating forty-six and having the low rolling resistance 
of the rid-home vehicle, while the traditional bos with two horses was 
limited to about scats. There h little material evidence surviving 

today of the early period of tramw ay development, although Hull Transport 
Mmeum has a single-deck horse car of the type used by Train w hich was 
built m IWrv 7 and ran cm Hyde pier m the Isle of Wight 
Legislation allowing the widespread growth of slice % Runways came with 
the Tramway* Act of fSm which, in terms of the development nfefRcieru 
and coordinated lyrtem. wav something of a mixed bleriing. Two clauses 
in pamaiW penalised the new fratrmperanng companies. Nor only did they 
have 10 by and maintain their own tracks but they wore also responsible for 
the mad surface between the rail> and for l 11 ob on cadi side of them. In 
addition the JjcjJ authority bad tfae power lx> purchase the whole system 
after 21 yean, a right which then recurred every 7 years. Thh, not un¬ 
naturally, discouraged the tramway operators from installing expensive new 
capital equip merit, for much expenditure would immediately make their 
takeover more attractive The ultimate result of 1hit hizarre Mate of affairs 
octuned In Bristol, where primitive ujicftMop dmshlr-Hicdc trams were still 
m uv until the early iyeiX when they were replaced hv buses Bristol is 
suit the only major British city without muiucipalJy owned transport 
Generally speaking* tramways were ufccti over by local authorities m 
the late nineteenth and early twentieth cent Lines, J though by then )t was 
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often too late 10 develop any integrated inter-urban system oti the 
American pat tern because of gauge variation s> t Plough a jnirpnMngly wide 
coverage was attained in Britain, By fir the most popular wan the standard 
4tt H in used on railways although an ingenious vj nation found only m 
Glasgow, Huddersfield and Portsmouth involved a gauge of 4ft yjin. 
The reason for this was that conventional railway wagons could be run on 
die vtiret trau l cracks, 1 hm giving them access 10 numerous industrial 
undertakings not normally enjoying j rjd connection, but as the depth of 
flange on a railway wheel is greater than the depth of groove m a tram rail 
and the width of w heel tread substantially wider* the Jin reduction ui gauge 
allowed railway wagons to run on their wheel flanges along the Range ways 
of cram tracks. Elsewhere narrower gauges were used. 3ft 6m being uiu versa! 
in and around Birmingham and 4ft in thr Potteries and north Staffordshire. 
One of Birmingham'* narrow double-deck dcctnr cars is preserved in the 
Birmingham Muslim of Science & Industry, Newhall Street. Birmingham 
b 

In 1*79 mechanic a1 povver permitted for trims under the Use 0! 

Mechanical Power on Tramways Act, hue such severe restrictions were 
imposed tor the protection of other road users, luimau and equine. that 
really imaginative development* were stultified at w nitre. Despite die fact 
thai lOmph wat the maximum permitted speed, that all working pares 
had co be concealed from view and that machinery had to be prat neatly 
silent. w ith no visible rmiwoti ut intake or steam, firms like Merryw rather 
and Kitsou produced reasonably successful steam engines for pulling trailer 
can A preserved example, from POftstewatt in Northern Ireland, an be 
wren 111 Hull Transport Museum, 

Electrification came in the 1 HKOs 111 an experimental wav and by the larc 
1K991 had proved itself beyond all doubt as the Iw means of powering 
tramcan. At the start of iaige-uafe eketrification, in flic late tflSos, there 
were some tfoo route nules of trainway in Britain, and this had increased to 
KO4O by iqgo. tile larger part still being horse*- or Hearn-worked- Between 
1300 and 1907 dearie linn boomed, and a total route mileage of 2430 
had been reached b\ ihr outbreak of World War I, she high potm of the 
tramway era, 

American practice ceimderably influenced the widespread development 
■.'f electric tramways in Britain, although most uf tlic initial experimental 
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work tad been earned out in Germany bv engineers such as Wenier von 
Siemens and Magnus Volk Volk came to Britain in 1885 arid built 2 aft Him 
giuye electric railway along the fedfnmi at Brighton from the Aquarium 
(l'fii/TQ .t 10058} to Black Knelt. rhis odd little line, which still unis, 
represents the first use of electric traction in firiiain. Street trams proper 
operated it abuut 0on\ DC, "■ Jl] 1 current usually utpplicd to nne (positive) 
wire and, after passing through traction motors ifid lighting, being returned 
to the power station through the (earthed) track rails, Trams bad four wheels, 
with two axle-mounted motors, but later large eight-wheel bogie can were 
introduced, notably ui London. Glasgow and Liverpool Current collection 
is as umi.lIK by trolley poles, but Glasgow and Leeds and so me Birmingham 
routes employed how collectors, which obviated the needs for complicated 
pointsvurk in the overhead wiring, hi parts of Lonfo)u j conduit between 
du? rails carried die current- 


The period from about f'>oo ro the outbreak of World War I m jgi 4 
was 1 he golden a gc of tile tram, the first form of urban transport accessible 
to the mas 01 foe population. It was a harbinger of Soda! dunge, continuing 
and devdopmg the work begun by foe suburban railway services .n enabling 
people to move caiily and cheaply between industrialised areas and their 
Jmmes in more pleasant Knnsmdmgs. Every major town lud a tramway 
ant! in Lancashire and Yorkshire particularly, cnttai,, ^citons 0 f 
innumerable independent systems enabled the diligent traveller with m eve 
to economy rather than speed to make quite lengthy excursus Thus the 
Pia Head m Liverpool could form the start of 1 tram journey into the upper 
Pennine*! beyond Rochdale by way of St Helens. Atherton, Bolton, Burv 
and HeywtwL Seven miles aver the top was Hebden Bridge, terminus 0 f 
the Wm Riding network, running eastwards to bevond Leeds and Wakefield 
Suburban homing estates developed along tram routes, and cities like 
Glasgow, Birmingham and Liverpool still reflect their one-time dependence 
on trams in the wide central reservations of their mam road approaches 
wind, once enables! uatm to run completely separated from road traffic' 
tr was the i lies mipa [ability of foe tram with motor vdiklcs and it, | ac k of 
flexibility when compared to die bus that led to m drdme and eventual 
extinction, hi addition foe lug], cow of maintenance of track and overhead 
,md for very low operating costs of foe diesel bus. which beg™ „ pi jj v ^ 
replace its petrol-driven predecessor m the |a, c wj«. made tlte tram in its 
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traditional form largely redundant. A few cities, notably Sheffield and Leeds, 
began programmer ot tram wav modernisation. with ideas of developing 
high-speed reserved-track systems, but diaftga of management and of 
political complexion killed tli«e schemes and rgrtj saw the last of Britain's 
trams withdrawn from the streets of Glasgow, Only in Blackpool can a 
near equivalent still he found, w,th streamlined SingLdect can operating 
along the fttfrrat* 

An interim phase between the tram and the complete domination of 
public road transport by the dirtrl bm has also recoil! y come to an cud with 
die wiiltdrawaJ of the last trolleybuses m Bradford, which, with Leeds, 
had been the scene of die lirsr regular services m 191 j. Of German origin 
the rail less tram' had the attraction of manoeuvrability in restricted town 
centres, quietness, tpeed, and in trier years remarkable acceleration. 
Numerom tram systems went abandoned in favour of trolleybuses in die 
J9M* and 1930s, and new routes were being built well into the 1950s in 
several cities. Again, however, some of the shortcomings of the tram applied 
to the electric bus. the cost ut overhead wire* and point work m particular 
leading to tltdr abandonment in favour of high-capacity diesel buses, now 
oitai operated by one mini only Today no trolleybus systems ate working 
m Britain, although at least two Operational museums arc proposed and 
individual vehicles arc preserved, notably at Bournemouth and Bradford. 

Trams have always enjoyed a huge enthusiast following, and *, Crich in 
Derbyshire fill ASK 345548) (lie Tramway Museum Society operates j 
thriving museum where over forty cars from places as tar apart as Glasgow. 
Sheffield, Southampton. Johannesburg and Oporto are preserved, many 
o| them up running condition. A regular service is operated on a t mile 
rrack. Museum* with collections of non-operarinnat tram* include the 
Glasgow Transport Museum and the London Transport Collection at 
Syun Purk. 

The period from die 1B701 to 1914 represented ihc great age of public 
transport, and the tram and dicap-exainion tram gave millions of people 1 
mobility completely unknown before. Although the tram has disappeared 
and relatively few people go to the seaside by cheap-day excursion. a 
surprising number of working leiiiinJrrs of tills pre-automobile age still 
survive. In the Isle of Man horse inim, introduced in TB76, still operate a 
summer service along the front at Douglas, providing 3. connection at 
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the northern terminus with the Manx EJectne Railway, a jft gauge rural 
trim way running to Itainscy, This itself connects with another dectne 
Due that coTuiL'Cti Lixcv to tile summit of SniehriL Lei North Wales .1 cable- 
operated jft (An gauge tramway, opened m 0x12, runs bill Llandudno 
(ro 7 /SH 777^7) she 679ft Dimmit of the Great Onne. Further south 
the Fair bourne Kidw^y [1 mSH <11512*) m Merionethshire, a 1 ft pn gauge 
iEciiu-operated immature line, occupies the iraekbed of j horse tram wav 
opened in m6 to eoittuict with ferries across the Mawddaeh estuary. 

Evidence of urban trijiiwip b rapidly disappearing, although a large 
number of bus depots arc merely tram sheds with the tricks removed, 
covered up ot. uccMitmilly t Jett in situ. A fine example ot the si:tiller trim 
shedp with j section of 3!* rtiji gauge track m front of it, cart be -fecit near 
Chruer General rad was station (icfy SJ 4 f while on the forecourt of 
AshfcpJcJsirZbuch station (ui/SK 153164) is the terminus track work of 
one ot Britain's few real mter-urh.kii line*—the Burton & Ashby Light Rail¬ 
way. operated initially by <Jfcu Midland Railway and abandoned by the IMS 
in 1926, In London the Kings way Tramway Subway [cfefTQ 305*17), 
built for wnglc-deek ears in and deepened to take double-deckers 

m 19303 11 has been partially converted into a two-ime underpass. A rare 
survivor in Liverpool is . section of buisc-trani r^ck iti Queen Square 
(ipOi'SJ i jfHXXj) whose unusual fcaiiuvv are a cvnnt fiangeway mill a section 
oi tread nu each ssdr (instead of ihe normal side Hinge way) j,ntl rail joints 
made at jo angle to reduce qoiw and wear, hi many towns where tramt were 
usetl in narrow. streets the ovcrliwil wires were supplied from buddings 
fattier than front foies* md the cast-iron wall rosette* from winch they hung 
can stdl be seen. They were pamcubrly popular in Glasgow In Liverpool 
a highly deeoraiivc rosette incur prating the city's emblem—the liver 
bird'—eau still be seen here a ml tbrrc- 

MTSCLLLAS^OUS PUIUJi IfTfUTIE* 

Numerous other public utilities provide the industrial udmtilogin with 
fragmentary evidence of (hut development, alt hough tfcicnlly stich 
evidence k m display in a museum rather than sull in use The introduction 
of the penny post by Rowland Hill in i^o, the first efficient large-scale 
postal service ui the world, led to ihe building of pou oflko 111 all towiaand 
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miH) villages, and to tail-iron IrtEcrboxc* appearing throughout ilic 
country These h -m- for I wig bci'u objects of great affection, particularly 
the pillarboxes which appear in j variety of forms anti bear several makers' 
names, The attractive Tenfold' hvxagoru] boxo* arc relatively ctmrmun, 
but l-rasi ^rc fhi j dignified fluted pillarboxes found in Malvern, Worcester¬ 
shire, and ihe magnificently crowned 'Liverpool ipecistU* introduced in the 
1 fifes eo provide 1 Jdction. 1 l capacity tor newspapers* A. good example 
of the latter till suniis un Edge Lane, Liverpool. Railway sufimo arc a 
good source of early and mi Usual boxes. 

The introduction of the successful dearie telegraph in Jin rain, after many 
years of experiment, pimcubrly m Germany, resulted from the collabora¬ 
tion of two eomplciumury figures—tfic fiir-^xuig William F, Cooke ( iSad¬ 
ly) and like ingenious Charles Wheatstone (twho tmtaSled.. direct- 
reading system uung five wire* along the main line of the Great Western 
Railway between Paddington and West Drayton in i£jp Deflection of the 
uecJJ*^ on the telegraph tmrtumvni enabled any one of twenty l«M' to be 
indicated!, but tlit high cost of laying five wires resulted ui rw-n-mvdlt and 
even single-needle mstrumenrv being used >m railways* where codes could 
be used. The best known of these telegraph codes, now die standard. was 
cfcvwcd by the American Samuel F, B- Morse (j 7ijt-i^7a}. The Science 
Museum has a fine colleitiuti of telegraphic equipment, including a remark¬ 
able iwcvnccdh 1 instrument in the gothic style tor use rn die Palace ol 
Westminster, The railways, which benefited direct !v from rhi^ introduction 
of die electric telegraphy became rapidly transformed in appearance, pole* 
md wires following virtually every hue. Indeed tike niiwas wav tniid amenta I 
to the success of the telegraph systeirii as if could supply ready-made routes, 
with no problems of wiyleaves for poles and wires, along which a nation¬ 
wide all-purpose comiuimtcaEiuti* network could he built. Tfuis the social 
changes the railway luJ helped i«> atiHc by increasing the mobility of people 
were furthered by a new demand for the vending ot personal messages. 

The electric telegraph, perhaps the least recognised but ccrtaitdv one of 
file most important fiirn'lcrfiih-ceiiEiiry innovation* m communication' wa* 
not in fact the. 1 first form of telegraphic system tu be used regularly in Britain. 
There was, ot course, the siAteemlmcnfiirv nftcni of hilltop bonfires, 
which gave warning of the approach of the Spanish Armada; and in the 
iTVCfva verier ofliiJ I tup telegraph maihm* were built to connect the Admiralty 
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lti London fint with Peat and beet: with Portsmouth, Yarmouth and 
Plymouth, Initially shutter* wlfc used to traiLMiut uicM-iges, bur semaphore 
arms later replaced them. ToAty a number of station* remain, tudi a* rhai 
on Chat Icy Heath, Surrey fr?o/TQ 0^95^5), built in 1823 to replace an 
earlier wooden hrrticiurc. Ektfwherc the name Telegraph Hill is a common 
reminder of die system, while the sign of The Telegraph 1 nan on Putney 
Heath {170/TQ 351757) illustrates dearly the earlier rigiiaHing equipment. 
The Loudon to Pomuiouth telegraph, the last m use, Anally dosed on 5 r 
December 1847. 

The electric telegraph w-n 10 4 great extent lupcncdttdi ai ftni over 
relatively J10U distance^ hy die telephone developed from German experi¬ 
mental beginnings by Alexander Graham Jidt (1847-1912) m Amenta and 
patented in Britain in 1K76. The first telephone exchange was cM;ihltdicd 
by a private company in London in 1^79 ami others quickly followed, 
jntcr-nrbafi lino were ^t.ihlidied and a countrywide network gradually 
developed, most of ir m tlje hands of the National Telephone Company, 
In iprz the General Post Office acquired ad private tele phone system*, 
with the exception nf one that still opcraici iti ,ind around KmgUon-U pOJ^ 

F lull rn Yorkshire, J he rapid rau of dcvclgpiumi of telephony, parricularly 
since the mtroduenon of uibscrlbcr mmk dialling 111 the bus resulted 

in most early exchange and transmission equipment disappearing, although 
munctous early handset* survive, Mkcic^wuv* tninMiiimtig, relay towers 
and miiht-cnre cable* have almost completely eliminated the poles and 
wires which were a feature, particularly of the Great North Road, in the 
inter-war period. The telephone kiosk, however, *1 Mill j link with the 
earlier days of the public telephone service, a distinguished piece of industrial 
design m l.oi iran hy Str Gilbert Scott i s ftgo-fptio), whose barer known 
works include Liverpool Cathedral, Battersea power station and Waterloo 
Bridge. 

I he beginning* of modem fire-fighting by in organ]ted fire brigade rati 
he loimd m the firvt tire insurance companies, set up in London shortly 
after thr Great Fire oi iGCtf. By flic end of the eighteenth century almost 
every town and county had it* own insurance company, some of which* as 

4 result of iheir very direct pecuniary intcrevt in reducing losses by A re, were 
beginning to operate thrir own tirc-Aghting forces. These companies issued 
plates to mark the properties insured with them, and many plates survive. 
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iltiiitninig tht large number of companies* Fire engines, m the form of hone- 
dra%vn hand ptitnjH* were used and mmieroiise^iiple*, tuamly dating from 
she Tniii-nijictecmli rentury, can be (blind rn rnuvtmm, Ait unusual small 
type of ‘tire engine , developed by the Mrayw rather company'. o masted 
of a man ual pump with foul carrying handles* which could be used in 
factories or ruuniry houses, An example tun be «^n ui the Glasgow Museum 
of Transport. The replacement of manpower by steam w*s an obvious 
development, bm initially ibis was only for powering the pumps. Hi rough our 
tluc second half of the nineteenth and well into the twentieth century the 
standard large fire engine, weighing up w 4 tons, was drawn by horses and 
had its puinp powered by steam. Numerous examples of these engines, 
notably those built by Shant} Mason and Mccrywcathcr, have been preserved 
in muHnimv Although self-propelled steam pump had been tried, they 
were too heavy and cumbersome to be a success, and it wn not Until the 
early ujqqk tbit the tint pctroUiinven fire engine^ began to supersede 
horKr-draw’n ones- For a short time petrol-engine-propelled lire engines 
with tfciim pumps were used, bin before i£io both ro.iJ wheels and pumps 
were being powered by internal eombuimm engines Of dl she types of 
public service appliance, the fire engine ha* had greatest popular appeal, 
and large mttttbcr* are preserved m museums throughout Britain. They esn 
be seen on display .n Bristol, Glasgow. Leicester, Liverpool, the London 
Science Muslim and Swindon. 10 hanic but ,1 lew, In Norwich the Norwich 
Union inmratitc Group has a small museum relating to iis work in tire 
mmranet, Early lire stations, same wltll stables, bell turrets and smoke vents, 
can still be found, and deserve attention from die industrial archaeologist 
The whole technology oi buih^in systems oj die sprinkler type and jlJIo- 
matic alarms is another area needing recording and doormenradon. 
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Tim development of the road system was mum-udy (su'd up with the growth 
i>f settlement!, md early wad* were limply path* from one village to 
another. They took ibe castcsl, usually the dmit, route* avoiding steep hilU* 
druse woodland or land under crops. With die exception of Roman mads 
and new motor roads mainly built in the last jo years* almost all the roads 
along which wc travel today have then origan as primitive pacht in a period 
when lung-distancc overland travel# let alone the wheeled vehicle* was 
virtu a II y mi k fu> wn, 

A road, theoretically, fa not a strip of land, hue j right of passage and. 
during the Middle Agt3 P the keeping open of j way passable for travel left 
emi horseback and foe trains of pat khmve* was acctimpliihed with varying 
degrees of success under manorial jurisdiction. As trade increased wuh rhe 
widening ol the known world at the end of ehc fifteenth and the beginning 
of tlu* sixteenth centuries, it became difficult for the roads to cope with the 
increasing traffic especially whor this inomr coincided with the breakdown 
of the nia norm I courts. A tenant who hail recently secured Im freedom from 
the agricultural and othet servile dudes imposed by customary l^v could 
hardly expected to agree willingly to an incrrjM in the amount of labour 
ami time he spent on the highway* of the maimr 

1 his common hw liability on the inhabitants of each parish tv keep their 
roads in good repair was reinforced m 1555 by in Ace of Pariiaiiiefii Tor 
die 111 ending of high ways', Under i he Act cadi parish had m choose annually 
j surveyor of highways or waywarden. who was given power to cal! out 
the available labour 01 the village or iowti to work on the roads for 4 days 
per year, With various amendment*, such a* increasing the period of statute 
labour eo 6 days jiiJ the granting of powers r<- levy rate* up to od eii the 
pound, tinp 1555 Act rcmasiuJ the bjsn of highway administration lor 
nearly 300 year*. 

In some parishes this system worked fairly well. Where tile road^ of a 
pamh were used by die inhabitants only, they received some attention in 
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cum, although p&h aps itoc every year. When John Smith was waywarden 
he would ct_Ltur j .11 v devore tncut time ami labour to die roads lie used, and 
perhaps neglect those used by Thomas Brown. Bui Thomas Brown would 
probably be surveyor before Jong, *0 tlsmgs would even themselves out. In 
wmc parishes hawevef, ^1 trunk route between two large towns might 
lift I low .i parish M.tJ. jiiJ externve wear and (ear would result, lit others a 
main road m Eg fit cue across rhe comer ot a pariifo and although it would be 
used by long-distance travellers. its iiutnrenancc w ould still In- the respon¬ 
sibility of the prifhiodm, In ihc*c tinudom die system of parish toad 
maintenance fell inro disrepute On a porous, wdl drained auhoil heavily 
used but In do eared for roads might stand the unit!, but where the toil 
Witt of day the road inevitably became, in the words of the time, “deep and 
foundrouf. Stones might be laid on die surface bur w ould soon sink into a 
*ca of mud, to be followed by the vvheeh that foiled them in. Hones died, 
bogged down to their shoulders m nuuk Roads were in places (ip-iooyd 
wide where travellers hod attempted to skirt a treacherous area As many 
as ten hordes 01 oxen miglu be required to move a load ot ■ —1 i tom over 
heavy ground. In winter, haulage ot heavy loads stopped altogether. In tile 
early eighteenth century Daniel Defoe noted that it took i-x years to move a 
large tree trunk from the neighbour hum! ot Lewd CO Chatham dockyard. 
A tew mdcs would be achieved each summer, wuh ji* many as twenty-two 
oxen pulling the tree on a vehicle known a* a mg, but by September the 
road 1 ? won hi be so sntt dial the journey would have to he abandoned until 
the following June. 

If was those rfrcuimtaiicei* repeated in greater or lesser degree all over the 
country, that ted ro the first turnpike Aas, under which tells could be levied 
to repair tile roads, The principle of making travel tm pay a ctmtnbution 
towards the upkeep of die roods and bridges they u*ed had been established 
m early as the twelfth Century, sonic 400 years before the birth of the 
turnpike system* Grants ot "pavagt w ere made lor die upkeep oi roads arid 
meets, and of ‘pontage for the consumcnon and repair of bridges, usually 
by the king, to lords of manors or heads v( ttrltgtous housH, enabling them 
to collect tolls in specified areas In UTO Edwajd l granted poniagc for } 
years to the “haslitis and good men' of Humingdon* empowering them to 
collect tolll for the upkeep of the bridge* I he great bridge ic Swarkttton 
ns S Jerbyshite. a fine uimving example of a medieval l>ndge{rii;bK 5). 
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wm the object of dinijir grants in the reign* oi Edward 11 and Edward UL 
These grants may be called the formuiuer* ofike turnpike Act* ot hter day*, 
buc they did not form the genesis of the system. 

The !jfsT turnpike road resulted trom an Act passed in iGfl* empowering 
the justices of Hertfordshire. Huntingdonshire md Cambridgeshire to erect 
a gate tn cadi county and levy tolls cm the Circat North Road, No fintbcf 
turnpike Act was passed until when Acts for die London 10 Harwich 

road an.J . section of toad between Attleborough arid Wymiindhiiu lu-ar 
Norwich were placed oft the statute book. Increasing number q| Act* 
toll owed «h succeeding yean, bui 170ft- 7 established a precedent that was to 
become stand;ud for all future turnpike roads. Instead of the focal unticcs 
being empowered 10 become tliu road authority T a body, consisting usually 
of local gently, was set up to act turnpike trustees. In all cases where a road 
was turnpikes! the initiative was local, hirhamew did not decide that terrain 
srreidies of highway wenc more m need of csira care than others, but local 
people, interest td in certain parrs of the roads, formed them wives into 
committee^ subvcnlied the legal expenses, petitioned Parliament, aitd, having 
obtained their Acts, became the trustees 

The key to the functioning of a turn pike trust was its power to raise tolk 
At lint roll lists wetc sun pie, but they gradually became more and more 
complicated as differential charges w ere introduced and various tcirrieriora 
and allowances were made lor wheel width, wheel comrrucuon. weight of 
lading, nod number of draught beasts On a few points there wo* general 
agreement between one crust and another- No tdh were levied on foul 
travellers, and tolJs charged by the Acts were inaxmis, which could be 
lowered, but not raised, at the discretion of the Trustees, The charges fur 
horse*, without vehicle*, whether led. driven or ridden. varied between 
y and ad each. Cattle were generally charged tod per score, and theep ami 
pigs $d- The greatest variifcon occurred III the schedules of charges for 
vehidb* mute tony scprately identifiable goods and passenger vehicles 
appearing tn the toll lists of the various Acts. In 1753 ^ Act prohibited 
tiie use of wagons with wheels less than urn wide, unices drawn by oxen or 
less than five hones, an d j; years later another Act allowed 3 years’ exemption 
from tolls for wagons with <jm wheels In 17*15 preferential treatment was 
given ter wagons with the fore whccK on shorter axles than the tear wheels, 
on the grounds that a greater width of road would he effectively rolled. 
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and in 1774 wagons will iGin wheels or rollers were given complete freedom 
from tolls for 5 years. 

The period tyjo-fioww the greatest geographical expansion of rum piking, 
although mileage increased n a dower rate down to the late i^qs. At this 
peak period most main roads, especially in England, w ere under the cue of 
nearly 4,000 trusts whose responsibility covered some ira.ooa miles of road 
out of an estimated total of to}.coo miles. Tumpikei were most numerous 
its heavily populated industrial areas, counties such as Suffolk anti Essex 
having only some 10 per cent of their roads under trust maintenance. All 
other roads w ere still, ofcour-e, the responsibility of the parishes, and were- 
generally in a poor state. It was not until after nearly JOO years, that the 
statute labour basis of maintenance svis replaced by a rating system, with 
parishes formed into districts each covered by a district surveyor. 

Throughout the eighteenth century highway legislation had been bated 
011 the supposition that it was impossible to keep to Ails in good repair 
without restrictions on the types of vehicle using them. Hence the idea 
prevailed th.it carts and wagons could be so constructed that they repaired 
rather than damaged the roads, with cuftseqiienl agitation for hroad rollers 
rather than wheels. At the root of all this was a fundamental lack ot knowledge 
of any systematic m scientific approach to the construction or maintenance of 
the roads themselves. Credit tor the introduction of new rend making tech¬ 
niques which, as the tunings of the mail coaches indicated, revoUtfionued 
road travel, must no to three men— Hlind Jack Metcdl, John Loudon 
Macadam, ami Thomas Telford. John Metcalf [1737-1810] was born at 
Kflatobonjugh. Yorkshire. He hail been musician, jobmaster, fish dealer, 
recruiting agent, hosiery merchant; horse dealer, and possibly trader in 
smuggled tea before he took up roadmaking, with a contract to build some 
} miles of the Linn nigh bridge to Karr ogam mad, turnpiked in [765. Blind 
from the age of six, Metcalf had an uncanny ability in assess the lie of the 
land and determine the most favourable route across it, gaining j picture 
by extensive walking or riding, when he retired in JTO1, he had improved 
Mine 1 So miles of toad for a score or so of trusts in the West Riding of 
Yorkshire, south Lancashire ami mirth Derbyshire. Metcalf was the first 
of the great road engineers to appreciate the need lor j well drained, tirni 
foundation. A smooth convex surface of stone and gravel was laid over 
bundles of ling or heather net on a inundation of prepared tubs oil. Diurho 
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on tidier vide of lie toad, Hrhidl Was elevated between them. eusuicJ the 
iiiffiirr would be tn'Mlranmt; Thu. was j j5n.it JilviHOc in roadbiuJditrg 
technique over contemporary praciice. and although the amount of road 
he improved was relatively small. Metcalfs contribution was ofiliml.imental 
significance 

Macadam and Telford (s 7S“-1S34) were almost exact 

contemporaries whose duel work dates from a litdc I .tier rlun ilut of ‘ lllind 
Jack'. Macadam's name is associated with the system of road surfacing using 
broken stone instead of gravel rat Iter than the variation* of hit method that 
Lwar hit name today. H« plan was t> to]lows: Now the pnnnple of mad- 
11 taking 1 think the most valuable, is tn pm broken stone upon :i road, which 
shall unite by its own angles, so as to term .i sold hard surface.' litis 1 tut end. 
no uom of which was to exceed rtojr m weight, was to he laid to a depth 
o t about toin and be well consolidated. He did not care particularly wh.it 
by underneath, arguing that a subsoil base drained by side ditches Bid 
protected from rain penetration bv 1 sound .urface would support any 
weight. Croat core had is* be eurciid in breaking stone tW Macadam's 
roads. Hr insisted that mrwyor. trained in iiss ,v\tci 11 should lx equipped 
with j pair or scales and a (sv weight, or j ill) metal ring through which tile 
scones had to pass. A 6m layer of these angular siona was laid as evenly as 
possible, id [lowed by a further Ain wine weeks later when the tlrst had 
consolidated under traffic A mrftec I Bit wide cost in the region of />K per 
mile. 

1 lie relative cheapness of the Macadam system Jed to its adoption by the 
nujoriiy of turnpike trusts. By the late nineteenth c e ntury Vater-bciimd 
macadam' road was almost ttnivenal throughout bn tain, and the name of its 
inventor liad become part of the English language. Macadam himself be- 
mnt surveyor of the Umtol Trust in 1K16. and by (I19 ihc (Bo miles of 
road of this largest turnpike trust in the court try were already well known for 
'heir admirable true of repair. The fid tlut. once improved, a macadamised 
roati demanded much less maintenance than other roads attracted many 
trusts. Macadam was appomteJ Surveyor.Gcueral if the Metropolitan roads 
in 1*2?, and he ami nununnu members of ho family advised doatm of 
(rusts up and down the country itt mci ceding years, 

Thomas Telford was one of the great civil engineers of his generation, 
a famous bridge and canal builder but mainly memorable perhaps as an 
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improver of toads, The son of a shepherd and framed on gaol I ¥ as a stonc- 
Telford was appoint’d Surveyor of Public Wutb for Shropshire m 
17^7, besides undertaking 1 prodigious programim- of bridge budding, 
he gamed wide experience of road work both in Shropshire and, later, in the 
HigliLinds of Scotland* where lie built or improved manv hundreck ot 
miles of road as pin of ,1 scheme to bring Isle back to that depressed and 
depopulated region* Telford's system of road aimrrutiioti was similar to 
that developed in France tti the 1770s by Pierre Trosaguct (1716-94). Si 
consisted of laying a «dki course of large tfonet on the prepared and level 
bed of die road 'in tlte form of a clow ncai pavement’ Over this was bed a 
Am spread of hard broken stones each a-, nearly cubical possible* and on 
top of this again a 2m top layer ot graVcL Great ore had co be taken in 
laying the unite foundation ami in applying die top surtacc ot gravel, with 
11s precisely specified 1 m 60 ball from die crown tu die sides oi the road. 
The cost of TdfonTs roads was relatively high because ot tJw heavy toLiiula- 
iiun T and as 1 result they did not land at much favour ai Macadam 1 elastic 

Nevertheless m Tti 15* when the Hotyhod Road Coininitsitm was set up, 
Telford was called on 10 iurvey the route and engineer a new and efficient 
road out of the chaotic situation athumislcrtd by no less dun twenty-three 
separate turnpike trusts. South ot Shrewsbury die major improvements 
consisted largely of casing gradient jnd building a hurt by-passcs to avoid 
narrow sections in village^ In Wales, however, a much more radica l approach 
was needed, and die road a* it itamls todav it a remarkable tribute to 
I dford^engineering skill, Wat of Ik'Uvwy^ofli the vsa srmg route wound 
north along the Conway valley and then wot beside the co.i l i lo IhngtiL 
Even today die section of this old road through the Sycllliint I ass (107 SH 
750770) between Conway and Pen 11 t arnitt awr is tonunlibkl to the early 
niail coaches it seas often impossible Telford surveyed 4 new route westward 
from Bettws-v-Coed that included a winding ascent up the valley of the 
EJugwy tti Opel Cufjgi j spectacular felt of road engineering rendered 
dinmt ordinary by the section which Mfow^-from Ujn OgWW through 
die Naru Ffranccn Pott. Here, without involving a gradient steeper than 1 
in 22, Tdford carefully edged his alignment up the steep side of the gL- s-1 
% alley towards its hen l Thu n the real civil engineering that distinguished 
Telford from moat dancentpOfary road improves, who did Me more than 
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rcmudd the surface of the exiting alignment, 

|[ is worthwhile reviewing the nupner uJ turn pi king. its dedme, and the 
remain* ot the turnpike er* Tin; industrial archaeologist cm find on the 
ground today. Despite thr obvious benefits, the new resrnctinm of gates 
on the King s Highway' were not without opposition anti riots occurred m 
i number of placet. Around Bristol m the 17 JO* and 174c* collien from 
M>uth Gloucestershire and tarmers from north Jkiiuersct dotroyed gatcviihl 
burned tollhouse*. In South Wales, too, fanners reused mmpiking with 
ibrcc as tote as the iSjai. That was the period ul the Rebecca Riots', when 
gangs at small farmers. whose hardship* resulting from economic Jepre^tou 
were aggravated by die tdk framed Fcmbrnkcdiirc and Ormaniacttjhirr 
destroying the toll gates, ITtc mob Wits usually led by a [tun in woman's 
doilies, named alter Isaac's wife 'Rebecca' Erom Grtinii, who receives the 
promise tint her seed should posses* tile 'gitd of [|n w who bale her. These 
lota! dilficulttcs were usually shortlived, however,, and the increasing number 
nl travellers and carriers had by the iHaos r when Macadam s and Telford's 
improvement bad become widespread, every reason to bli'ss the new road* 
and t!i nr superior surfaces. For die first rirnr for nearly 2,000 years the ipeed 
td lotig-divtamc land iramptirt in Britain wa* limned by the capacity of 
the horse rather than the condition of the road, in 17*4 the introduction of 
tightly scheduled mad coaches permuted the traveller to teach Birmingham 
from London in nhr and Exeter m J7ihr, Uy r Hi4 English roadie* drove 
af an Ji frcr^c spexxi of o-iomph, only the severest winter weather causing 
dislocation of their services. 

Generally peaking, u was not until well into tin- railway era dm the 
mmpike rrusts began Eo suffer financial difficile*, and at first\onie of liiem 
actually benefited from traffic atrracicd by the new lines. By [he late 1*40*, 
however* some trims were appeal rug to the local justices tor rates to be levied 
(nr the upkeep of roads, jik! In 1^51 insolvent trusts were allowed to apply 
ro the Secretary of State for promiinu] i_nriler> to reduce interest and cx- 
nngu^li arrears. Throughout the lift* iST^aiid iSSca. the turnpike vpicm 
wasabdWiedas the vmam Acn expired. Mom ot these Acts were for rtscdfied 
period^ uMially 21 yean, and then ^ubjfrt:r to renewal After ifcji thh renewal 
Waiut- automatic under the iercm of the Annual Continuance Acts, which 
extended for 1 year all Act* duo to expire. An increasing number of trusts 
■isked for their Acts 10 be excluded from the anmul continuance process 
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jtni in iSgs the kit rumpifec Act expired. The lywcm Imd taken 232 yem 
tk.Y grow, flourish briefly, and expire, and with its expiry cimc something 
of a dec line m the standard of tun I roask 

Visible evidence of turn pi king h still surprisingly common throughout 
much of Britain. Nothing much survives of the toil rojds themselves, 
although occasi finally road works may reveal m early umetcmth-ecritnry 
surface buried in the foundations ot it* modern counterpart, Similarly, and 
tor obvious reasons. the gates have disappeared. There are* however, many 
hundred* of tollhouses and milestone* and, here and there, signpost* alien 
Movi toll houses date from the early nineteenth century, and frequency 
luve a form %vlnch makes them instantly rtX'OglU sable ( 1 ‘hffii ft2 and ftj)- 
Tiie half-hexagonal end with windows giving a view m each direction down 
die road, die hipped roof often with a prominent overhang to the eaves* And 
the im of wall above ehe central window where the toDbowd would 
orrgTnatly have hung, ar c all typical feature*. Few toillkuiu^ still have 
their boards. Notable examples which Jo ate to be found at Stranor Bottom 
Bat, Tutlmordcn m Lancashire (ioi/SP 945 I 9 8 ) at die junction of Odder- 
brook Hoad and Rochdale Hoad 1 and on the Holyhead Road at i.laniair l p t.i H 
Anglesey (107/SH 53 ^ 7 * 5 ^ The latter, j TetfoiJ totlhoaiic* ha* the Venmda 
that ty pified a number of his other tollhouses and appeared less TrajOCfflly 



4 a TaUhoux' at ihe ewt end of Myth* Bridge, Tewkesbury, OloutcMrrihiw 
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elsewhere, as at Ashton tistr. Brfrtol [i J6/ST 573717) A date tolJboxrd from 
a dcmulhhvJ mllbousc h mounted beside the A6{T) jr Sbardlow, Derby¬ 
shire {m/SK 442303); nearby arc the abutmenn of the budge .across the 
Trent, swept away by Hoods m 194.7, 

Hie erection ol milestones was a statutory responsibility of the turnpike 
mnti, although as early as irijtf parishes had been recurred to put signposts 
at crossroads. Few of these latter survive but long runs of milestones can 
still oe seen, often beautifully maim.lined hy the connty higliwiv authorities. 
Many trusts luJ distinctive patterns. Telford deigned hi* own milestone for 
tlic Holyhead ro.ui—.» chamfered tapering same with a cast-iron plate. 
Others were made entirely of cost iron and frequently had ,i 'V' plan to make 
for ease of reading. A fine example by I. & F. ThomcwiU of Hunon-on- 
! rent, dated 1828, iS on slum at the Staffordshire County Museum, 
Shugbormigh (119/SJ 991214!, one nt a wnes on the AjofT) between 
Uttoxeter and Newcastle-under-Lyme, of which many survive iti tUti. 
Numerous examples of the similar iron posts erected by die Bristol crust 
can be seen along die Aj8(T) between Bristol and Bridgwater. A distinctive 
cylindrical type ff'latc *4} again tn cast iron, occurs frequently m Derbyshire, 
the toads from Leek to Buxton and Ashbourne each having .1 substaniialk 
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complete series. Signpofft ire 1 cu ftumnun, but notible examples tncUidc 
ihe verv tine casi-iron lloric finger peut sn Brisiul ;u th c junction, of the 

Dalk and Wells roads {156/ST 5997 '*) Jn{ * tklc >tonc at Cravcn 

A nut, Shropshire ( 129 /SO 413 M- Aldjougfj llicw catty signs are reasonably 
safe train destruction, more recent examples, erected in the present century, 
JE C- \)l^\ beotHiimg extremely rare anil will almost terfcimJv disappear wit i 
metrication mil the adoption of mlenutional symbols. Even rarer survivals 
of the turnpike era. however, are the vehicle weighing nuchmev mtmduced 
after in Act of 1741 put a levy extra tolls on cam and wagons laden 
beyond certain specified limits. One at Woodbridge in Suffolk (Mo/TM 
272491), operated on the steelyard principle, may owe something ns the work 
of John Wyatt {1700-66), a prominent designer of weighing machines. 
The Woodbndge machine {Plate 66), mounted on the end wall ol Ye Otde 
Hell and Steelyard'. is Stapcndcd by a honk from a large ptdlry-block which 
is Itseir suspended from mother block housed under .1 small roof.. A small 
svoodai platform is attached to the ma«ive cantilever bracket that carries the 
«cd yard to enable the wdghtnan to adjust the lead weight or poise and 
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so cffea a balance. The yard is ionic aofr long but the load and fulcrum 
centre> arc tin]y £fin apart. 

Although the Ititnxiiicdnn ol motor vehicle* brought about a new 
revolution in road eonstniemm, various attcmpii to improve on macadatn- 
mtiou were made in the nineteenth century far was applied a* early as 
j$4i in Ncmmgkim and in the 1S705 in She (field jiliJ Liverpool. Asphalt. 
a naturally occurring bhimirn from Ufttmer in Hanover and later from 
Lake Asphalt in Trinidad* was also used* initially for paving and subsequently 
for road surfaces. Tar spraying of macadam roads was widely adopted as a 
way of combating the dust caused by the suction effect of rubber-tyred 
vch ides. Road surfaces in towns were gmctally made of granite setts after 
the rft^os. and huge quarries in Scotland, North Wales and Cham wood 
Forest. Leicestershire* were opened to supply the stone- Laid but Lilly on sand 
and alter abom itt'JO on concrete these sears arc still Common, particularly 
m side sixers Sometime* (Hey are hid in 4 fan pattern, as on the cab rank nf 
Manchester Central ttniem (ioi/Sl &J 7977 }- Wood blocks, with ebeir ad¬ 
vantage of quietness* were ustd m m any towns from the 1840s down to the 
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weighing roaduiw 
„ic stoctyinl I’Hr- 

_. r „ r Woodbridge, Suffolk 
l9l0i . but have now almost completely disappeared. Special tricks tor 
cam and wagons were frequently stalled in dock a**. The* consisted 
of Urge, well feted blocks of granite Uu! railway-fashion in two lm« 10 
match the distance between the vehicle wheels, and separated by a band et 
ordinary setts. In tHi* they were UiJ in Commercial Knarl. London, a 
length m Exchange Street East, Liverpool, where the stones ate known as 

whctlm, con itUI tw seen. . ih 

Despite the tnasuve niodcrmsaobn of roads in ««“* > CJfv thc >‘ m 
provide a fruitful source of uitercst for the industrial Archaeologist. 
kerbs and gull.es, bollards and street sign* survive m proto, as in High 

Street, Dorking UTo/TQ i<*49$h ^ mort nfcenl 

cm.,.idled, erected by the Automobile Association. Royal Automobile 
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Club, Cvdttts retiring Club and the various petrol companies etc. can 
id) I be cedi though in rapidk declining numbers 


BRIDGES 

From the miksuTuI archaeologistk point of view bridge building, so inn- 
miidy connected with the turnpike road movement, is a profitable area 
of study, hi the mid-eighteenth century bridges were still the exceptional 
way of crossing large rivers, and rmnv of those that did exist were of incdie- 
wil origin* and coo narrow lor hone-drawn vehicles, fords and terries 
predominated, and a large river like the Yorkshire Ouse, although having 
some twenty terries, had only erne bridge. Indeed it was not mini [JiH8 that 
there was a general statutory obligation for public authorities to build 
bridges. A lew bridges were maintained before 1750 by county quarter 
sessions or hundreds, bur most were repaired by ancient and often inadequate 
endowments, The Central Highway Act of 1773 allowed magi urates id 
make indictments m respect of bridges, whicli menu that counties were 
ultimately held responsible for upkeep. In Scotland the state-aided Com¬ 
mission tor the Highland Roads, established in 1&03 and with Thomas 
Telford as engineer, built some 1.100 in 25 y«p,WitJi tlic rapid increase 
in traffic brought about by tump iking, jiul the demand for shorter routes. 
period of major bridge construction began in the latter years ofthe eighteenth 
century. 

All bridges are based on one or more of three fundamental structural 
forms, the beam, ot which the slab of rock or (alien tree trunk tie the 
simplest luruu T the arch, iti w Inch tile deck is supported by a structure 0 \ 
wedge-shaped arch stones or voussoirs; and suspension, ijj which tlie deck 
is hung by suspenders from a continuous table, hi eighteenth-century 
Bn tain all important bridges were of tlie arch type, constructed on the 
empirical evidence available from earlier bridge builders and from buildings 
■"* “ t!lr P** »^ieval cathedrals, At chit peirod the first theories of 
arches Were developed, notably in France where the Corps J C \ Jngfnicurs 
d« Pouts ct duettos under the guidance of jean Rwlolphe Pcitonet 
(WH 4 ) was applying scientific techniques to conuruciional problems. 
Jn Britain Robert Mytne(l 73 ri'»ti) carried cm much ofthe pioneer work 
on arch-budge design, his first mijoi work, BUckfims Bridge, London. 
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being completed m T7(>9- (ft was replied by rhe present wroogbt-Uwi 
Structure in 1 N69,} Lri tills bridge Mylne incorporated elliptical arches, an 
innovating m Britain; inverted arches tn the piers between the springing* 
of the two adjacent arete, bearing on them; and *e multiple or crocket 
wedge support for the timber bridge comes, which enabled the centring to 
be lowered gradually md any weakness in the arch itself to be detected at an 
early stage. 

John Itenmr (17m -1 >21) vs much belter known, but may be regarded as a 
M urai or to Mylne in the field of bridge building. Bom at Phawasue, rear 
East Linton, some 20 miles from Edinburgh. Henme grew up in contact 
with the craft, of millwrightmg. black,milking. sionemtftmry and car¬ 
pentry and learnt much about (hem from one of his father's imams, Andrew 
Mciklc (1719—18.11), the celebrated mechanical engineer and iviutknill 
improver. After an education at Edinburgh University*, which brought turn 
into contact with leading scientific minds. Rennie established himself as an 
engineer working on canals, docks, steam engines, \vd drainage schemes, 
roads ami mills, as well as some notable bridges, His most famous masonry 
bridges were Waterloo Bridge. London, completed in (SJ 7 md now 
replaced by a reinforce d-concTCte beam ttroeture; am! London Budge, 
completed in 183 j as successor to the famous medieval bridge and now 
removed to Havasu City, Arizona. The foundations of both these bridges 
were on pile, built within cofferdams. Rennie's Waterloo and London Brid¬ 
ges, and his other Thames bridge, at Southwark, have all now been replaced, 
bur Kelso bridge over the River Tweed, his first major structure, still stands 
at the southern approach to die town (70/ NT 7 ^ 733 **)- lc has live elliptical 
arches, each of 73ft span, and was virtually a small-scale prototype tor 
Waterloo Bridge Rennie's bridge-building abilities, like those of Telford a 
few vans bter; stood him m pood stead for his work on canals tn winch 
beside, innumerable liumble occupation crossings, mostly limit to a nan dare 
design, lie was responsible for a number of aqueduct*, including the spec¬ 
tacular structure across the River Lunc at Lancaster (8^,'SD 484638). These 
will be considered in Chapter U- His siandartl bridges may be seen m 
preftumti along .he Lancaster Canal and die Kenner A Avon Canal, Most 
have walls curved on plan, so acting av arches springing tmm the buttress 
piers ,11 each end; and in addition the walls ale baitercd, imkrng the whole 
bridge iinmCttsdY strong. 
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lictori' turning tu iron bfidgo. iti which Rennie had |>ern involved at 
Southwark, 4 number of ntbei surviving mavotvry unu'tunes arc worth 
noting, !n dlBttr, Ctiwvcnur Bridge across the lice floy/Sj 403656), 
designed by Thomas Hamsun f 17+4-18+9) and opened ill *8p, lur the 
widest masonry span in Britain—iOafr, with a rise of 40ft. Hie complete 
am h lui| in liici, 4 span of j toii, ,is it extends into the ibuinicnrs to carry* the 
dmiit more ertectivcls down to piling foundations. Harrison also designed 
the elegant Skelton Bridge tu Lancaster I8y''SO 4"yitcy), Telford's tiusonrs 
bridges never reached the itindwrij of oniLturil cleg: m re of Ids graceful 
cjsr-imn bridges. Hit first major work. Montford Bridge (1 iS/Sj 453153) of 
•7V4- carrying the Holyhead road over the Severn west of Slirewshurt. is 
very much in ihecightceutlHCcuiurv cluneal tradition. Lint liirnrxt. Tongue- 
land Bridge i,80. NX dy^tj-i) tin* Dee near Kirkcudbright, with m 

■nigh: 1 lift span, n of considerable technical 1 nit rest Here I etford first 
introduced Mlow spandrels to lights'll the load on die foundations, bur, 
instead of piercing with tunnels as Sihjcj ton ^nd Edwards had dime, he 
replaced the normal rubble till with a series of patallel wall* within the 
spandrels themselves. Pierced spandrel bridges may Ik seen at Pontypridd. 
Glamorgan (tj^ST 074904), built in T~55 by William Edward* (i7Hk-S9), 
and Coldstream, Northumberland (64/N I S4H40J), designed by John 
Smeattiii (1714-91) and completed in 176T In tlir latter example the tunnels 
aie covered ai the ends svith urnaiuemal discs. Reluming to Telford and his 
masonry bridge*. Dean Bridge, Edinburgh {da/NT +43740). over the 
Waters oj Lculi, completed lit iflji, is perhaps his finest surviving stotie 
structure. while Over Bridge, fibucestrr (143/SO fftyi-x-), L> interesting 
iur its ingenuity J he splaying of the t yeti spin arch, m which the two faces 
of the bridge arc m efTect chamfered to form cow’s horn voussmrv , jj 
based on Pcmincrs Pont dr Nruilly over die Seine. Over Bridge is likely 
to be demolished in the near future 

Hte ccrjiipJciion in 177V id tile urst incul bridge structure m rhe world, 
the Iron Bridge {Plate 67) over the River Severn near Coa I brook dale in 
Shropshire (1 is Sj 673034). marked the beginning of die end of stone as the 

ftr Htt Iron Hedge, acre* the River Severn in Shropshire, Cj« « ihc nearhv 
C.™, hmcskiUle Works in 1779, tins was die Jim major eMt engmmlng work m the 
wurid in which iron played a umetun] role 
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AS The Iran Bridge, Detail o| arch thawing dovetailing of radial members into riU 

major bridge-building material The Iran Bridge derives all its structural 
principles from us stone predecessors mJ is, uj cfEcct a natural successor to the 
works oi £Jwards and Smeaton, who pioneered dir reduction m self-weight 
>i! bridge structures. Like stone bridges, it has a compression arch, but close 
examination of the methods of const rued on reveals tliat techniques more 
appropriate to timber fabrication have been u«d in its assembly The various 
components were designed to pan through one another and mortice or dove¬ 
tail together (Plate ftij), and am secured by wedges. No bolts or rivets were 
used. The bridge has a span of rooft and the rise b 45ft. Thcic are five nuin 
nbs of 12111 by 6jin section and 70ft long, virtually hinged at the springing 
and at the crown. They were cast in open laud moulds at the Coal brook dale 
works of Abraham Darby. 

Credit for the design of what is perhaps the most important monument 
of the Industrial Revolution in Bn tain is usually accorded to Thomas 
bamolis Pritchard Id 1777}. a Shrew sbury architect, who certainly prepared 
drawings tor a muff Hat-airbed iron bridge ai early « October 1775, In 
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fr) R&XMMm of the Iron 
Bridge. Excavation of the 
mwda abutment aud for¬ 
tiori of feHitfbrced concrete 



anoenmem with the <«»««» J<*n W.lhmon (i.W*-ito« «J Ab™b*J 
Darbv 111 (I 75 CHJT), Pritrhird thawed tt5r 1 bridge, but hi* dcarll 

m 1777 teh ilic project entirely in l>aiby* hattdc ho wai r«jw>i»i ’ t tor 
the design of the 1779 fridge » «mwnJCWi) triimiti*. therefore* tometlmig 

of amystery. , , . 

There i. no .look, however, th« the Iron Bridge proved to be an in- 

tthrion to other bvi| engmeerv Thorns Telford uwd iron tor ihr bridge 
-it Rutldwa*. a fow m.l« upturn fa>m Coalhole. The pevtorn 
masonry bndec had been iwtpr »way by .1 few! m :T ?5 ™ R ' ltrrd 
replaced n with a »ngle iron span of i joft weighing ™ ,Mrist To 

J 5 J 


•ipt 




m 


itoAD* Amu tt judge* 


the 37S tons of t hi IjisE 1779 Iron bridge Builds as Brittle (IT&/SJ 04,5044) 
survived until 190O. when 11 was replaced bj tin: present *ttrl ^meture, 

Numerous designs tor iron bridges were tried between t ?05 -uk! 

In 1790 a 236ft iron span was completed across the River Wear at Sunder¬ 
land to die designs of Row Lind Burdom -1 local MP, who in the previous 
year had patented .1 system of tointruciloii invoking separate openwork 
cast-iron vousscur* Ixcld together with wnnighr-iron --trap* instead "t the 
ribs being cast complete, as at iron bridge or JiuiidwMS. The idea w.i* not 
a complete success and two subsequent bridges built -it Sumr*, iJSoz, and 
Yarns. 1805* collapsed soon after completion, Sunderland Bridge survived 
lor lull a century before rrqnrring substantial modification inti eventual 
replacement. Two bridges incorporating Bur Jon's patent tfij] survive — 
it Spanish Town, Jamaica. 1S01. ,mJ Newport Pagucll, Buckiiigliamdurc, 
wiser e Tkbbrd Bridge {s 4 rn/SI * * 77437 ) -terms the River Ouzel, rornplcred 
in tHio, Mill carries the heavy traffic of die A 50, 

Open-frame voussoirs fell into disrepute as a result of these and other 
collapses and Cealport Bridge of 1 filS (1 Ey.'SJ 702011) h an example uf die 
return to rflh cast in complete sectiouv There are few rigliteenth-centnn. 1 
survivors of this rype of corntmainn, bur those that do exist usually have 
characteristic features snygesinig that the & unden had some influence rn the 
deign. Thus the spam at ConnJ. Slifopdtirc .■ jh SJ 556053), dated i _ cj~ 
iii.l previinuhk supplied to ['chord, tho>e ac Bath over tlie kenitef A Avon 
Canal 11 56/ST 758654), one of two supplied k> Itmnic, and those at Tewkes¬ 
bury (143/SO 893 3 JO). °f unknown date, all have a diminishing circle 
men if in the outer ribs of the arches. 

By tBij really Urge if mi bridge were being built, notably by Telford 
and Rennie At BeiTw^y-Cocd (T07/SH 79955*) fchord's graceful arch 
provides .1 splendid example of the ironfoundm* art. Use mmide ribs 
carry the legend, in finely proportioned openwork Irmring, this arch 
was i.rtn is tha saasi veah no iiAm 1 or w atbuuki w av iouc,m. 

»ron the tull width of the arch. In the spandrel* .ire enormous heraldic 
flower*—rose*, thistles shamrocks and leeks—a degree of decoration 
seldom seen in Telford s work the arch was cm by William Haded me 
At PUh Kyriatton and erected by William Stutthr Both their'names are cast 
iinc^ (lie base of the bahts riding, 1 he Waterloo Bridge is lurprisinglv little 
known, ptihaps because a good view of the arch involves scrambling down 
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ihe river bank almost to wj!tr Wei. The effort in well worth while, how¬ 
ever. arid 4ti cftuuin-miHi nt the underside of the arch reveals the sympathetic 
Way m which ti lus been strengthened and widened without destroying 
iti original character, In Scotland Telford* magnificently died bridge at 
Cfiigetlachie (20/NJ zh$4$z) m with it* amirncftfaJ castellated toweft cm cl 
t$aft arch ot trussed iron nbii (Plata 70 and 71}, ha? also been carefully reno¬ 
vated cn recent fears, using new components and cpo\i resin j disco vet 
Similar large, although less spcctajcukr, Tdfnrd bridges jr^ Holt Fleer bridge. 
OmhenJry. Wmntnfdiift (rjo/SO 824634) - Mjthe bridge, Tewksbury 1 
(i+j/SO and Cukon Bridge. Smethwick (131/SP 015894). Un- 

fcKtmuteJy John Renrutfs masttijucce m cast iron, die 240ft span Southwark 
Bridge over the Tlumcs built between f^u and itfjy, tm longer wiraves* 
It wa» replaced by the present sied-ardicJ bridge in 15122. 

Tltc need tor spans larger than were feasible even with catr-iron bridges 
became a teal one by the 1 w hen rhe new toads and gready increased 
traffic created j. dcniajid for shorter and mote direct route--, The suspension 
bridge satisfied this need, and wrought item, becoming readily available ava 
result c?t Henry Cr*rr\ pj oncer work in the 17HK on the development of the 
puddling process meant that for the first nine material existed from which 
suitable chains could be nude. A number of suspension bridges weft? built in 

71 L>atc gbttmr, Prince'i Bridge, Salford. 1903 
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south Scotland 1 tic gr, ,ucaj> with a sp-m of jooft, was cmnpleicd in tS^o by 
Captain Samuel (later £sr Sam lid] Hro^n, UN (r 77^1^52). mef crossed the 
Tweed at Kelso, (If has vjnee hern demolished,] drown had introduced the 
chain cable to die KoyJ Navy jnd m IS 17 root out j patent for ur ought-iron 
hrifes which he incorporated in the Union Chain Bridge across the Tweed 
hear Her wick (rij/NT <pj 4 .in)< Completed m i& 2 o, rhit earliest surviving 
stupenjion bridge ha* 1 spaa of 301ft and an Tift deck hung from twelve 
wrong) it-iton clinim. Mjmr repaid h:ivc been undertaken. ott iwj occasions, 
the hm in tS 7 i-j In the Ret wick -uni Nudum ami Idatukhirc C umpikc 
Trustees and the second m ipoz-f by the Tweed Bridge Trustees* who now 
cm for the bridge. A tied cable has been added on each side above the 
ebams ti> bc^lp them support the platform J\n: nd I house on die English 
siik hat been demolished (die bridge was made free in 1HN3) but that on 
the Scottish bunk* which once belonged to the Berwickshire Turnpike 
Trust, soil ^unds. 

In iHu.? the Act wj) passed tor building Menas Radge (107/SH ^£*714) 
k* carry die Nolybe.nl ro.J from Anglesey ro iJk lUiiinLnd of Wain Ju. 
designer, Thorns I el lord, omul J> favoured a cuHrmt arch cotismuTtnn 
nmibr 10 a scheme pur forward in iSar by Bennie, bur Admiralty insistence 
on uuolwtrucred ruvigaciou thmugfi the Straits resulted in Illi adopting the 
impctision principle, and on 4 scale far exceeding anything previously built. 
Work began nn flu: pien in iMv and on the niiUufiLturr nf rlu- iron chums 
ni itsas, Tlic links, each a lirrfc over git long, were wrought at Upton 
f orge ' 1 il SJ $6 q 11 tj m Skropdiire, Sent to HLiztcdine's Culclumi wurlrt in 
Shrewsbury tor testing on a specially designed lenvile machine and fur- 
warded thence bv canal to Cluster and sea to Mm an 

■ ■ r 

The Mciiai Badge must be one of the most carefully built fflUCturo in. 
the world, Tdfard, acutely caiurioui of the step hr was taking into the 
unknown, imtcd each link of the uxteru vm pension chaim iM per cent tn 
excess of the calculated working load and then tested cam’ll complete chain 
ht tciBSUii before final erection. The %t ones of the towers m dowel led to- 
get her ivith iron peg* and the chains which they support rim bath fiofl 
min itmiffiU bJailed 111 the rmk The main ^pau u ofjyyfo with .1 Itvadroum 
of tooft to siitiuy Admiralty navigation requirements. Each of ihc main 
piers is isyft lugh and ts approached by a masonry viaduct of three arches 
on die Caernarvon wde and four on the Anglesey vide of the itraii*, Com- 
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pined in s}ii 6 p Iklc-er its smaller neighbour at Conwaj (to?/SH 786777) on 
the Clidtrr road, Meiui Bridge formed the Iasi link m the road from 
Hnlyhtad 10 London, Despite Telford t can; in design ami coiismu-iion. 
various compomaiu hive had to be replaced. In 1839 the uustiffvfied timber 
deck was wrecked in a storm; a heavier limber deck listed until 18 #}, when 
Sir Benjamin Baker reconstructed it in Heel; and dm in him was replaced 
in 194.0, when the tolls were also abolished and the chains repUced in high* 
tensile steel. 

flic success of Mcmi encouraged others tn build suspension bridges 
WiIJUed Tierney Clark (1781-1S52] designed the old Hammersmith Bridge, 
built m iHr- 1 and replaced 60 years later, and a bvamdul 271ft span suspension 
bndge Jt Marlow (159/SU £52562). completed in iHjz and std! standing. 
So is Clark s major work, die 666ft spun suspension bridge ji Budapest* 
Victoria Undge, Ibtli (I56/SI 741650). across die River Avon, completed 
m tKj6 to the design* of j Dredge, is of unusual cotmruchcnrc. as the >ui- 
pension rods from tfk* catenary chains ire iik lined towards the piers instead 
of being veni-u-ilp j device intended to merest structural ^tifFncw. Un- 
ikmbiedh tiler most spcctoculir of the great mnetei'uth'Century imfieiuicKi 
bndgo, however, o the epic Clifton Bridge fijfl/ST 5^4731K designed by 
I. K. Brunei tu the laic i82<w and finiliy completed m modified form in 
1864 The ftm move* to bridge the Avon gorge at Clifton date from 17^1. 
when William Vick, h Bnrtnl wine merchant, bequeathed ^1,000 it s the 
Society oi Merchant Venturers with die m^rruction dint n should be allowed 
10 accumulate to £10.000 when. u was hoped, a budge could be built. By 
1839 the amount had increased to £S f poa and a competition wa% held, to 
wck a suitablr design. Numerous schemes were submitted, including an im¬ 
probable goilue sTrumirc by Telford, who was one of the judges, and several 
by Brunch A modified Brunet design was Ijnafis selected, work began m 
June the foundaiinii none w\u laid in ifljfl and in 1^40, w|«n the 

piers were nibstamiilly eamplctr, muney ran mil The cliamn were sold m 
1 H >3 in the South Devon Railway tor use on Brunei other major bridge, 
the Royal Albert Bridge over the Tamar at Saltish (1H7/SX 4J3587^ tn 
tHjy, is Inn Brunei died* Clifton Bridge the starting point of bis indepen¬ 
dent engineering career, wav no fun lies advanced, but the prosperity of 
ihc 1 Wft coupled with sorrow at the loss of a great engineer, at the relatively 
early age of 53, revived interest in die scheme. A new company wai formed 
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by some fit" the principal me inters of the Imtitunpn of Civil Engineers and* 
utilising the cbm? from ihc recently demolished Hamgerford suspettsjtrti 
bridge across the Thames. alio designed bs Brunch they opened Clifton m 
December With little modification it stands today, linking Gloucester- 
dure and Somers 245 ft above the Avon The span if 702 ft 1111 2 nd the 
total weight of ironwork r.-joo tom. Imidcudy, the pirn of RmneD 
Hungerford Bridge mi\\ help to supporttoday’s rail and foot bridge between 
Waterloo and Charing Cm 

The beam type of bridge had little application cm road* 111 the nine¬ 
teenth century, although it wros tXKtoivcIy u*cd on railways. Recently, 
how cm. beam bridges 111 steel jijJ piwrciwd concrete have appeared in 
profusion on motorways and other modem roadworks The early develop¬ 
ment of reinforced concrete was pursued largely in France bs engineer* 
Mich -lv Francois Cnignct ! 1814.-KS) 2nd hi* ton Edmond [rK50-1915), and 
Francois Heiinchnpic (iJS^ Tlte vrructnr.il use of concrete poured 

sir rific w r as adopted only Jowly in Eng 12nd and no major bridge in the new 
material appeared umd after the World W At I. A very early example uiil 
survives across the River Axe at Scaioii in Devon f 177 SY 453900), It v at 
completed in I ^77 ^nJ his a cert tnl span of 50ft. Oil a much larger vede the 
Koval l'wccd Bridge at Jferwitk 09552*) 1 opened 111 192$, exemp¬ 

lifies the ponderous designs of the inter war years before prevtrewing brought 
to concrete a supreme elegance Jtnd slating worths of the great nineteenth* 
ommry pioneers. 

Before leaving rrwd bridges altogether* 4 amoas and somewhat bizarre 
answer to the problems of spanning large rivers and he die same time nunn- 
tainnig headroom for navigation is worthy of brief men linn, E lie tran¬ 
sporter bridge, in cfiTixi m aerial ferry, had 4 hrid period of popularity at 
tnc cud of the ulbctcemh century ami beginning nE die rwennerh ns :i solution 
to die problem in Hat country or urban Areas of low-lcvd approach to*<h 
making 2 fixed bridge impractical. By supporting a girder it high level 
between two rowers, vehicle* could be earned actovs the gjp on a platform 
suspended hy cables from a trolley running on rails above. The idea was 
origin alls proposed by 2 British engineer in the 1 Hpcs, but was fcirtf pm 
into practice by the Frenchman F. AtniHlin in t &93 M PortOgalete, near 
Bilbao, in Spain Four transporter bridges Were built in Britain and three 
of these are scifl cxufu. The largest, in fret die larger m die world, crossed 
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tin: fr toae y between W id lies ami Ktincom. It was of the suspension type 
with a span of r.ooofi and was in use from 1905 until h/jt T when the pttwtf 
high-level ttwl-arcb irrutturr replaced it. 

In sqqo 4 smaller transporter bridge, dsi* ot suspension type, was com¬ 
pleted aeraw the at Newport (155/ST jlSStil), 0 \ 645ft Span. It 15 still 
m regular use The Middlesbrough transporter bridge (£5 NZ 500213) in of 1 
completely different form ofcommicfioiL as in overhead deck n candlevtfccb 
the outer etuis being anchored with massive vertical cables. Opened in 
iQti. it has j span of 570ft and rtcccomnodution for too paefigm and up to 
ten vehicles on the eketri tally propelled carnage. Much less known than th ese 
two i* the privately owned transporter bridge across the River Mersey at 
Warrington 597877). MHmeering die two halve* at the extensive 

soap and dicitiical worts uf Meats Joseph Crosijeld & Son Lti Compared 
with Newport and Middlesbrough, it is small. with 4 scini-canriJeVtfed 
Tip-in of only 1 fl?ft Built in loir*. and our of regular use since 1*^4* it was 
die last of the total of sixteen transporter bridges to be constructed. 


14 Rivers and Canals 


From die end of the Roman occupation until die mid*-dght«ntli century 
riven were the main arteries of communication in Britain. They formed 
natural highways md were of paramount importance in influencing the 
settlement of people, the location of towns and the development of trade 
ami commerce. Although susceptible to drought md flooding, riven 
offered much greater reliability than roads, particularly where there craned 
day country. The Homans not only implemented [heir eoinprdiciisivc 
road system by river transport but sought to improve the fatter with cm- 
bmkmcncs- In die <. jwof the Trent and die Wsthatn they even cut a canal— 
the Fossdyke (Turkses Lock, 104JSK fcjTytfr to Bray ford Pool, Luteal n, 
ttj/SK <>70711)—in order re csublish direct communication between them, 
A thousand years elapsed before any further improvements were earned 
out, although legislative procedure* established right! rd navigation over 
many riveis. There were nunuTnuiv obstmcriom, however, shallow * in dry 
weather, fishganhs for catching fish, and die dams .md weirs of imllowncrs 
being the major difficulties In tin; sixteenth ccnturv eight Acts were passed 
dealing with rivers and the improvement of navigation, including one 111 
1571 to bring the ftiveT Lea to the north of London by making an artificial 
cut, B\ 1750, on the eve a\ the great era of canal budding, Britain bad 
Uoooodd miles navigable river, wine ol which t such as the Aire tk Caldcr 
from i6^g F had only been rendered navigable by tile ccirntructjoii of cuts 
and pound Jocks The early river engineers, such is Andrew Yan-aimm 
(i6t^p-^4 = ), had ;iccumnlatcd considerable experience of the problems of 
establishing navigations and their work, together with that of the fen 
drainers, provided the essential technological foundation tor rise canal 
engineer* of later years 

A prominent feature of mans improved riven* was the haddock. which 
had its origins m the Middle Ages* often as a compromise between navjg*. 
non and milling interests. When- water was impounds[ for a mill, a device 
wjs needed ro pass boats th rough the weirs: and in ber ween mills also, wein 
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were often necessary So maintain actuate depth* of water for imvigataen. 

If a season of die weir w» nude removable, usually by the insertion of a 
gate, boars could passthrough. The*c Haddocks, when opened, readied m a 
powerful flush of water running downstream and boats simply shooting 
the rapids", Those going upstream hid to \v j.i t untsS the main force of water 
tuj subsided* when they were winched through the lock agritui the flow 
The lock would then be dosed and the water level allowed to build up for 
the next vessel. In a dry summer this might tike several days and could, in 
extreme conditions, prevent navigation altogether. In iiuny cases these 
flash lock* were re placed by pound locks, mrnbr m dune found OH canals 
today, for flash hicks were highly dangerous and wasteful nt time ami water, 
A variation of the Haddock* usually known as a staunch, operated on a similar 
principle but was normalJy kepi open to the river flow Staunches were 
installed where flash locks or pound locks war noi always tinrrable, par* 
tccuhrly on rivers with numerous mills, a? impounded writer would tend n> 
back up the taitrar.es of waterwheels and reduce their cfifcfency. Also it a 
river was crossed by 4 ford, av for example:, jt TcmpifohJ on the Great 
Ouse (147/TL uSTj+l), it was essential that the river level wja not increased 
at the crossing point. The method of operation of staunches was even more 
tedious than that of" flishlodti, a man usually preceding the boat to close the 
gales jrul allow sufficient water to build up. 

Most Haddocks and staunches rook the form of vertically lunged gate?; 
these were rarely single but generally a pair ol in me gates like those an any 
cjujI lock. The angle between them was commonly yo degrees, nr contrast 
to die 120 or 13.0 degrees of vans! and more modem river locks, Its Ea*i 
Anglin guillotine staunches were H>mettiiin used, .md then the gate was 
raised vertically like a sash window and tlie bom passed tin denser me- A third 
and very simple type consisted of plunk* let into vertical slots jpi masonry 
walls, and win similar to the itup-pl.inks cnmttinuly used on canals to 
isolate sections for repair. Perhaps the .eldest form, however; was the beam 
md piddle weir, m which i beam was swung horizontally over ,. wooden 
all across the bed ol the lock. When closed, vertical boards or rmiers' were 
put between beam ami cill, md agaiim these were set square pl.mfo with 
handle to hold back the watei 

Most of the remaining Haddocks ate decayed and rnmoLis, hut j fine and 
nearly com piece beam and paddle type can be seen tin a small tributary of 
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the Thames just below Eynvlum Lock (ijii/SP aaGoSiu), Oxfordshire* 
Although traffic an tin's * nu!c luvii'-itEon lo Eyndlsm Wharf censed m 
1915, the be inn still survives, bolted 10 list stop-post and supporting j foot¬ 
bridge, A substantially Complete uattnth on the Great Ouw may be seen at 
Ciitlc Milt* (U7/TI 094509}- with brickwork, erfi+o, intact anti the Jo- 
crcpit remaim ot gates. Its purpose was to deepen the shallows below Castle 
Mills Lock, 300yd above. Tuddcnlum Mill Stream^ j tributary of the l.irk, 
which in turn flow* into die Great Ouve, a ho has .1 vs el I preserved gate 
staunch (E j j/TL 732729), with mitre gates, each with 1 single paddle (or 
a!nice), There is a guillotine staunch, complete except for the spoked wheel 
used to lift the gate, at [lotci^luiJU I ode (jjjjTI 516651), which probably 
dates from the and wav m use turn! navigation on this obscure 

tributary of the Cam erased ihour 1900. 

Like die navigable rivers, canals were dried y used to move heavy bulky 
goods for winch toads weir unsuitable. Britain was slow* to begin building 
canals, but, once united, quick to extend a network over much of England* 
with separate systems in Wales and Scotland. By rfcjo the t,oqo miles of 
nver navigation that had existed 111 [750 had been expanded to a total of 
4*250 units as 1 result of canal budding- Hie first canals were dug to conn eel 
or supplement existing river jiavig.it eh m or to link otherwise isolated agri- 
cultural or industrial communities with navigable water. The Newry Canal 
ui Ireland, completed in 1742, was the first ’deadWater navigation' 113 die 
British Ides. It wj> fallowed in England by die Rankes Brook Navigation 
from the Si Helens coalfield in south Lancashire to the Htver Mersey, 
Financed by Liverpool merchants, salt refiners and the town corporation, n 
was substantially complete by 1757 and can undoubtedly claim the dwtinc- 
lion of being England* first cand. It* economic success was immediate ami 
high dividends were paid. Soon after tame die Bridgewater Canal, built 
by John Gilbert and James Brindley (1716-72) 10 canned the Duke of 
Bridgewater's collieries at Wotilcy with Manchester. On its completion m 
1761 F dm price of coal in Manchester dropped by half. The canal revolution 
had begun. 

James Bnudley, the 'father of English canals'* was bom m Derbyshire and 
began work as an apprentice wheelwright and imllwnght ai Sutton neat 
Macclesfield. Bv 174a. at the jge of twcncy-ux, lie had In* own bminesa in 
Leek, where Brindley Mill (110/SJ 977570} survive* is ,i mcmurul to his early 
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career. His considerable abilities became well known m Staffordshire and 
brought him few the first tune mto contact with a canal scheme, to connect 
thg Trent itui Mersey rivers, lor which he \va* liked to cany out a survey. 
The Trent arid Mersey project was in remain a drcam tor iomc yrats, hut it 
was his work in connection with it that h rough c Knud Ley to the notice of 
the Diike of Bridge water and gained him his first definite eommishuui for .1 
canal Tin- “Bridgwater', and the masonry aqueduct which Brindley de- 
Signed to Eikc hn canal ove: the ttiver frwrlf fired the imagination of the 
age. The three great arches earned the can jI 38ft above the level of the river, 
enabling Hats [sailing barges] to pass beneath. Completed in July 1761, if 
became i local wooda—Vradi <Mt vessels, water under water, Bndgrwmtt 
triumphs - in ha* conquered future-' h survived until rltyj, when construc¬ 
tion of ihe Manchester Ship Cam!, which was butit iargdv on ihe nfc of the 
Mersey & Irwcll Navigation, ncce\ucj,ted its demolition. The abutments, 
however, can still be seen (101 ( .'SJ 767077), aud give jji mdreauon of the 
missive construction The replacement is 4 still urate reuurkablc structure, 
a unique swinging aqueduct designed by Six £. Leader Williams,, engineer 
ol the Ship Canal. A pivoted steel tank 2 %$ft long, iSft wide and 6fi deep 
provides a crossing for ihr Bridge water 26ft above the Manchester Ship 
Canal When passage ot rhr ship canal it required, the rank ss swung by 
hydraulic power on us central pier* the total weight of the span and its load 
o! water being 1.450 tons I i5 l* tint hjfgc passed over BuruMi sivmg .iqucduci 
on :s August i#93p ami Brindley 1 \ pioneer structure was then demolished 
At live weit end of the Bridgewater Canal, Wonley Mine was an integral 
pan ot 1 be project, and tilt Sine of the caiul w.n c ontinued mIts flic vertical 
rede, face at Wursley Delpli (lor/SD 748003) to top the basis of an tmder- 
grmjtid network of waterways on which ihe coal was brought out* Under- 
ground channels known as soughs were in use before iVso for draining opal 
workings north of Wotslcy, and it seems probable tint tlicse were adapted 
to give direct access by boat between the coalfaces and the main line canal. 
James Brindley was closely involved with the underground scheme in its 
early years, as was John Gilbert, the Duke's superintendent engineer, agent 
and surveyor, who was probably responsible for extending It in the years 
down to bis death in 1705, The network grew cmuimully until about 
*840. when some 46 ms lev of underground waterways extended under 
Walkdcn ami Famworth* To tap deeper scams, separate systems were alwi 
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dug at level i> below ific mam line anil connected to je by shafts; tjic 
deepest was *3ft below dm level of the entrance turmek Further north a 
higher level system was connected to the main level by x i fOyd underground 
inclined plane on which the boat* were worked on wheeled cradles running 
on rail*. At the f>dph t an be seen the rwo mtrasecs u> this system, cut about 
jott ap^ri jii the rock face. Note also die hand-cone with a wooden gib 
Lived lor inserting die * top-plank* (rot/SD 747004) and the dry docks on the 
Bridgewater Canal Example* of the Jong tuurw boats, nicknamed 'siam- 
tioners 1 . whkk were used 111 the runnels can be seen in the North Western 
Museum of Science &■ Technology, y? Grosvenor Street. Manchestct 

Following the luccrvi ofihe Bridgewater die number of canals multiplied 
rapidly before 1773 and after 1787, the movement teaching .1 crescendo in 
1 be mama at I7&9-QJ. Tlirce mam types were developed—wide canals tor 
mottle main lines, particularly those associated with rivers; narrow canals, 
wiili ~U Wk.v, for hilly inland route* that frequently suffered from p<*or 
water supplies; and tnlhboit esnak where gradients were particularly sleep. 
Wide canals were built mainly in Lancashire and Cheshire. in the East 
Midlands, and in the south where vet connection with tidal water was 
important Tile gjugc was usual Is about 14ft, The partem of the narrow 
waterways was set by Biiqdlcy’} Staffordshire & Worcestershire and Trent 
& Mersey canals, completed in 1772 and 177? respectively, The need to 
ecomxiiibc t>u commicrkiiul costs where Urge numbers of locks and munch 
were needed resulted m major comentrattoiis of narrow canals round 
Birmingham ami also m South Wales. Tub-boa 1 canals were buili in Shrop¬ 
shire at id the South Wnt. Within these group* there were numerous rumor 
variations, but, geiLoalty speaking, a ftiimiw hviit 70ft by 7ft could travel 
anywhere *oiith of the Kivcrs Trent and Mersey, except on the tub-boat 
camh. and a bargt 53ft by lift Ain anywhere north of that line. Larger 
barges worked cm die river navigation*. 

Tbe lack of uniformity in canal she and the total absence of planning 
prevented the canal network from ever bang an mtegrared system. The 
geography nt Britain meanc heavily locked waterways. With consequent 
problems of waiCT supply far summit levels; and many areas, notably much 
or Scotland* the far north of England and the south-west peninsula, were 
i\uuc umuiced to amftcial warn w ays. The web of canals was densest m the 
industrial Midland* where Birmingham. iirst enicred by cmol in 1772, 
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became fttbctii of waterways. The estuaries of the Thames* Severn, Humber 
and Mersey were soon connccrcd b Hie Pennine* it a verged, and London 
linked with the Midlands and North. In the south of England more than 

miles of cam! were dug, but with one or two exceptions lew navigations 
paid dividends higher thun 5 per cent. Of little tmiusrtijl imposxiuce. the 
largely agricultural south did not have the traffic poientia] m itukc proilis. 
Bv centrist such waterway*as the Aire iV Older network, the Loughborough 
Navigation in LeieenersHre and the Trent & Mersey Canal carried huge 
quantities of raw materials and manufactured goods- In EK24 the last two 
were paying dividends of 197 per cent ^ud 7> pa L,l!E11 respectively, in South 
Wales too a senes of short and generally unconnected canal* provided for 
the thriving coal and iron trade of the valleys, sin mil .inn g the growth ol 
cttutal centre* such a% Cardiff and New (Kin* and supplying coking coal and 
iron ore to great ironworks complexes iuch as those at Merthyr Tydfd- The 
terrain tn much of South Wales and pans of the Nonh Ea*r around the 
V-ay^ of the Tytie aiiJ Weur, W p jls totally Liimuiicd to can at comrructiuii, 
ho wever, and in these area* parallel development of hone tramroaik began, 
to feed canals or river*, 

As already mentioned, the early canals were built as cheaply as possible. 
A typical Brindley canaL such :vi the traitor Jshifc & Worcestershire* follow* 
Hie contour* with b.irdl y an dm bank incut or culim^ of any size upon it. The 
extra length result mg from their winding eourn-s mattered little when boat- 
men s wages were low and effective competition nonexistent. Use threat 
ut rwd :md railway competition led to an increase m Hie efficiency and 
enterprise ol waterways and to dmrfc at improvement, liarecasilc Tunnel 
(ito/SJ 83754A lv *495*7) orL the Trait Ai Mersey canal was doubled in 
trii7, ihe new runnel (ifrft high and 14ft wide) taking only 3 years to build 
in tone™ to the IT years taken by die original bore (12ft high by 9ft 3m 
wide) of the 1770s- Engineering techniques had improved. In oilier eases 
route* were shortened, ■ notable example of Hie straightening of a contour 
canal being the Oxford, which was 1 educed from 91 to 77^ miles between 
1*29 and T834- New canalt themselves were made as straight as possible, 
even ai tlic expense of considerable civil engineering svnrk to maintain the 
level Thus Telford' * Birmingham & Liverpool Junetkm (now the Shrop- 
shire Union main line), completed in sHjs, has long stretches of embank¬ 
ment *nd tutting* including the 2 mile long Tyrley Cutting (119/Sj 693315)* 
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the deepest m the country. 

The obstacles facing canal etigmccrs were overcome in .a variety of wayi. 
Locks were die normal method of climbing hills, nmnds and cuttings for 
going Through them and aqueducts for crossing river* nr valleys The rivet 
improvers with then dish locks and staunches antid paled the common 
pound lock used on most cjiuK in England. A century after m first fcjiuwti 
use in rnminema! Europe, in 1373, die pound lock wm* in use on river 
navigations 111 Britain, k consisted of lifting or swinging gates enclosing 3 
¥ poun<T of water of suffiaait length to accommodate a boat. On the Kivcr 
Wey* made navigable from die Thames 10 Guildford, Surrey, under an 
Arc of E65 E, pound locks with turt sides. now reinforced, luve survived in 
substantially original form, as at Papercourr (170« TQ 034^68) and Wilsham 
Gate (t 70/TQ 050578). Sheffield Lock on die Kcnnei Navigation, Berkshire 
(i jft/SU 649706), b iho turf-tided (Plate 73) 

On canals rhe lock evolved with a brick nr masonry pound, generally 
rectangular in plan and of the minimum dimnuions capable ot handling the 
largest type of craft using the canal. Thus the smallest amount of water was 
consumed- in flic Midlands a typical “narrow" lock lus a chamber 7ft wide 
and about ?fift long designed for boats ot 6 ti 10m beam and up to 72ft in 
length. The extra length of the chamber allows for the inward-opening 
biutoin gate The mode of ope ration is simple. A boat working down re- 
quit ft a full lock to enter. When the boat is in the chamber and the gates 
4tc closed, diltccSp usually known m this context .is paddlex, at the lower end 
or tail of the Jock arc opened and as soon as the levels inside ami outside arc 
the same, the gates can be opened and the boat parses ill rough. In locking up 
the procedure is tallowed in reverse. 

Lack gate are generally of timber, oak being most cammuiiiy used, 
although an tlw Montgomeryshire an J Ellesmere canals cast-iron gate were 
used in the early nineteenth century. A pair from the former canal can be 
seen at the Waterways Museum, Stoke Bmcmc, Northaniptoiishire (146/SP 
743500). The gate at the tail of tile lock are the heavier because they extend 
the Full depth of the lock, whereas those at foe upper end or head need only 
hc the depth of the upper pound of the canal, Double gates arc generally 
used on river navigations and barge canals, bur in narrow locks single top 
gate and double bottom gates ate common!y found. Both upper and lower 
gates bed agamsr a dll ar the bottom of the chamber, the upper cill being 
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7 i Tlic *urf4dbl Sheffield L-vl on rile Kenner Navigation, Berkshire 

cstpiwd svJiot the lock is einpry, CilU are often made of timber, although 
concrete h,s been inert singly uwJ * r cc «iT years. Gates have a vertical 
tmibcr at the lunge aid known it the bed past winch fits into * hollow 
H uoiD m die masonry wall of the lods, Only a light iron strap is needed to 
maintain the gate in place as water pressure holds the heel p»r Tightly into the 
qitom when file gate » closed. The outer end th* gate also has a «mcal 
poit ca, e ii urease or mitre post, which fits a rebate in the opposite wall of 
the hack or, m die case of double gates, tin equivalent post of die partner 
gate A gate » operated by a balance beam, which, « the name suggests, 


74 GuilUmc J«k gate <mi tiir Shrewsbury GmhI 
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provides ibc counterweight to die gjte itself Traditionally diis beam was of 
umber but in many modem replacement gates rat led steel joists with con¬ 
crete bounce weights luvc been uwd T lar guillotine gate (Hate 74) is rtoi 
common .m British ljiljK, hut examples can be found on the old Shropshire 
On ill section of the Shropshire Union north ot Hadley {M9/SJ 67^33) 
and jt King^ Norton stop-lock at the junction of the Stratford-upon-Avon 
Cat!:d with die Worcester Be BimiiiLghain [13 r.'SP 053795) Modern 
guiMoline gates can be seen on the Rivers Nene and Great Ouse, where their 
use more easily enable? flood water to run through the lock. 

hocks are filled and emptied by sluices, generally known as paddles hm 
also called stackers in the Fen* and dough* iti the North of England- G-isc 
piddles fined on the Jock gate? themselves are found at head and tail c*fuiosi 
nver navigation locks, and on the tail gates and occasionally head gates at 
can id locks. Ground paddles are mounted m die wall of the lock and admit 
water through culverts; they are generally used in combination with gate 
paddles at the head of i Wk Ground paddlev used for drawing off water 
from a lock afe rare feature hut can be seen on some of the wide locks 
ou ibe stretch of the Grand Union between Kapron and Birmingham. 
The paddle itself usually centrists of a stab of elm that slides vertically in a 
frame across the Juice aperture. A wide variety of mechanisms for lifting 
or drawing paddles can be found, the most common being the tack and 
pm mu arrangement incorporating a pawl to hold the paddle in die drawn 
position. Worm«anJ-iiut gearing it used an die ground paddle? of dir 
Leeds & Liverpool CmaL and on die same navigation pivoted gare puddles 
can be tcumd p a very rare feature On the River. Wey at Wursfold Gates* 
near Send. Surrey (170/TQ 01^557), some paddle* Mill operate in dtdr 
most primitive form; they ire lifted by hand and held in position by peg 1 , 
through boles in the handles (Plate 75). Nearby *rc the Navigations work¬ 
shops which are srill in use. Nowadays, of course, many locks arc mechanised, 
as Cwi the Caledonian and Aitc &. Gilder Canals and the Rivers Trent and 
Thames. 

Gmup* dr "Mights of locks are commonly found on emails where great 
differ eitte? in level occur in a tdafivelv short distance The largest flight in 
Britain is at fardebigge rm the Worcester & Birmingham On.if where 
rliiny narrow lock - raise the canal i! 73 t in about : unity The summit lock 
at Tardebigge is, in bet, the deepest narrow lock in the country, with a fall 




75 Pcg-auiiatc pdsib WiKifltld Lack* im the Wcy Navigation, Scnd 4 
Surrey 


of \aU; flus is exceptional and the average n 6 - 8 fr A dipht almost equal to 
Titdebigge can be uxn ji Devizes* where the Kenuci & Avon Cam! climb* 
out of the Vale of Pcvbley through twimty-nmc wide locks. f hin. Right is 
br more spectacular, however, as tile lock*. jtc very close together and most 
of them in a straight line. At Combe Hav {(66/ST 248604) on the Somerset- 
dure Coal Canal oik ran tee meat id the locks ol a Hi ght of twenty-two 
completed in tfk»5 after the failure of a novel hiiat lift. I he canal was timed 
in the iggov and Itia pap of irs bed was utilised tor die E nnpley Stoke to 
H.dLtrmv branch o l the Great Western Ridwiv. opened in mjid. 

A variation uti the umple flight of locks i* the stiircaw, where die top 
gate of otic lock forms tht bottom gate of the one above A notable example 
as to be seen at ftutton [t Jj/SF where the Lcicesrcf line of the Grand 

Uiuon Canal descends by means ol' two staircases, each of five locks To 
economise in the use of water—always important (□ the canal ojHTratnr- 
de-pond* were frequentiy hmJi m association with *tai.ncasc* ji t locks* and 
these arc used at Foxton. The side-pond cnbsncs of -1 chamber bond? the 
lock* it 4 level halfway between die upper and bvver pounds md com- 
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in unseating willt the pounds by cuIvctt* tosimlkd by ground paddle* 
(<,Uk‘-pund paddles). When 4 bout eisicis the hall pound and the g.ito arc 
closed, the side-pond paddle 14 i opened nrM, until the levels equate and slightly 
Ics* thill half die water iv m the side-pond, rise mbs pornl puddle t> then 
doLCii and die remainder of die water in the lock released into tiijrjtvcs 
pound in die unrnnl way. The saving occurs when a boat locking up euicri 
the empty lock* which can then be almost half-filled with water from rhe 
side-pond, Thus only the remaining half lias to be drawn from the upper 
pond A wcHlmov.il stiiirise of wide locks is Bing Icy 'Five Rise 1 (uA/S£ 
108400) on the Leeds & Liverpool Canal (FUtc 7^} Here there arc no 
pond:, and wafer p.wso direct from chamber 10 chamber, Tile largest stair- 
C3«r m Britain, of eight locks. i% at U.inavit NN U77?o) on die 
Caledonian Canal. 

A Lunom jnd ui^iit flighi of three Indies is to be wen ar Uratch (no/SO 
MifpTpjR) on the Staffordshire & Worcestershire Cana!, where .it first sight 
the lock* appear to be arranged in a staircase. However* each lock lias its 
own gate*, the top gate of one lock being only 4 few let ! from the lower 
gaiet of ihc lock above. Further south at llottcrWn (t^o/SO 8609T+) on 
7 ft Ft_ 4 s.:L and pinion slidinggate padJic% Bmgkv B FivrlUV Luck*, l.^rdi A Liverpool 
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the fctme canal is 4 double (net or n« of unruia] type wirli 4 i&mmrni gate 
between the two chambers while to the- north lies Compton top lode 
(no/SO 884989), said to be die first lock built by Brindley, It is mtertrstmp 
to vpcottkie tu whether Brindlev devised the ptine l pic of the Haircut; 
immediately after building the {Intel 1 lock* nr whether be wai already aware 
of continent^] examples, such as the suircaft at Brarre on the Canal du 
Midi in France. Odier lock* of interest niduJc rhi- seeriorut cast-iron lode 
chambers jt Button Uc*>; SJ ij4ffHj) in Cheshire, dcvjx-d by Telford 10 
overcome the problems of soft sand (Hate 77}, and Northgatc Locks, Chester 
(tog/Sj 403666), wludt arc partly cut m solid rock. On the Staffordshire 6 : 
WorcaEcrshtre Canal circular weir* imicad of die nonual straight cill type 
arc tiled far the culverts that convey surplus water from the head to the rail 
of some of the locks. 

Besides problems of water supply, tong flights of locks imposed con¬ 
siderable delays to traffic, particular!s where dm was heavy, finis from j* 
early an the 17x0s can.il engineers sought means of replacing locks with other 
iradumura such a* uidmcd planes, lifts, and 1 witty 0 1 patent balance- 
lock and caisson device. In Britain no sill lined planes remain m use. but 
their overgrown alignments, nfivrs almost ainiplvEcJ) obscured by trm and 
umlcrgrowth, can stdl be found here and there. There were twenty or so in 


"? Cau-imn kxk it Dcmoti. Oirslurr, built by TellurJ m ivuLunluJ die pleasures 
of ihlfting utid 
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south-west En^l.inii alone, notably nn the Hu Jr Canal and the Touttlgton 
Canal in north Devon, where remains of Ridd incline f iAj/SS 47cm can 
still be Traced, On most of these the boats them selves-—usual h tub boats 
about ;oh long—were hauled 11 |j the inclines m cradle* or water-tilled 
caissoni running on rails. Perhaps die most spectacular and well preserved 
canal incline, which was also used tor rub hoars, is that ,ir Coalport in 
Shropshire [li<)/Sj AjIjiuS). There was a verb cal tail nf -IotIt between the 
upper line ol die canal and the pi >int at die foot of the Severn Gorge '.'.here 
goods were transhipped from the rub boats into barges on rhf river. Tins 
incline fell into disuse about 1900, but in alignment lus been cleared by the 
Irtmbrtdge Gorge Museum Trust, winch hopes eventually to luve « operat¬ 
ing again. Hie incline installed at Foxectn, Leicester dure j 1 j ?'$P mi 

1900 with the object of mj | terse ding the tiiinxoimitmqg staircase of locks is 
less easy to trace. The incline was of tbc coumcrhihnecd type, with movable 
tanks or caissons on wheels into which die narrow boat* were boated- A 
steam engitiL 1 at the top provided the power, bur mnthlr was experience J 
with subsidence n! lire rails, and rite volume of trjdk Hid not justify the 
expense of keeping a boiler constantly in steam with staff in attendance. The 
incline had ceased to be used regularly by 1010 anti the machinery was sold 
lor scrip in 1918. Today the original lock* ate still in active use, but the 
unfortunate me line is rapidly disappearing into a jungle of brambles. 

The only canal lift still in use (Hate 7S) in Britain is that it Anderton 
(toi/Sf fi* 77 S 3 ). near Nurthwich. It allows boats to pas* between the Trent 
A Mersey Canal and the River Weaver Navigation some joft below A 
proposal for ,1 lift had been put forward ,u early .is isds by E. Leader 
Willi mm, engineer to the Weaver Navigation, with the idea of facilitating 
the mrerchnigc of traflic between the two waterways, hut not until jKyi 
w ere the necessary Acts passed and Etumcrv)n& Co given the lift contract- 
The design was by Edwin Clark ol' Clark, Stand fo ld A Clark, consulting 
engineers of Westminster As romplcittl m 1S73. the Anderton lift had two 
wrought-irwii canton* 75 1 ' by Tjjl't hy 5ft rising and idling 1 distance of 
toft 4111 within a substantial tubular iron framework. Each canum could 
take mo narrow boats nnr barge and weighed ijo tons with its water 
Til ■ mvmi were support!’J ’-u .ill du meter hydraulic r um. the two rains 
being cmtncCTcd by a Jin pipe, Removing mn <>f water, weighing some 
15 tons, from the lower caiHon made the heavier tippet cabnm descend 




-ifc boat liii. Clifsiur^, comiPCtil^ the Weaver Navigation widi ih c 
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4nd water p^scd through the transfer pjpc to the ocher ram caused the 
vecond coit^m m rise Hie final lift of 4ft was achieved by closing ihc rninrfer 
pips sand contittOttg the upper prow m .i >tejni-pmveied hydraulic pump and 
accumulator, Although 4 press hur^i in iiti&t, tin? Andermn design w.is a 
good ouc md formed the bad; for order liftsin France mJ Belgium, In KiOJ 
dcetfictty replaced steam power for ihe hydraulic pump; and an tyM further 
mtat-imul modifications dispensed with hydraulic operation altogether in 
order to simplify working and increase capacity* As rebuilt: the Jiffs caisson; 
are coiihterbahinctii by casr-irnri weight; and can be operated independently. 
Power is provided by m electnr motor driving through gears. In iy*J the 
lift transferred a record 2.20,000 ions of tnrific, more than would have been 
posable before reconstruction. Today it is soil ui rcguJar use. mainly by 
pleasure hours, and a Vbyige" in it is a fascinating if slightly unnerving 
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otpcfkncc. One may make an cxtdtcm trip on a (lire boat such aa the Lap- 
wtHfi from Weston Docks, Efcuncom (109/Sj 503830), up th rough the large 
22cft x 411ft locks of the Weaver to Andertoh and up the life, ami then along 
the Trent Sc Mersey Canal through three UrttuousJy narrow tunnels to the 
tlelighrful Jmk canal hamlet of Preston Brook. Hcr^ at the junction of the 
Trent Sc Mersey and Bridgewater Canal (log/Sj 56&S06) one fmih earn! 
cottagrs, a large warehouse now used as 1 cltib, and a small roofed drydoct 

On many can ah there Was no alternative to a tunnel when » came to 
tutting through hilly country. Canal tunnelv arc mualJv. although by no 
means always, on tile summit level, crossing the watershed bet ween one 
Jidc of die navigation and the other. The first were on BrinjHry% Trent & 
Mersey Om-d at Preston Brook (1,239yd, lOtffSj 570799), SaJimfofd 
[,144 yd. 101 -Sf 62475 lK Bullion (5 72 yd, 101 SJ 630749)* and Ha recast Je. The 
Jalter, with its i.SSoyd bore, earned the summit level under Harctastle Hill, 
the watershed between the valley of the Trent and the Cheshire plaid. The 
original tunnel at KLircEastle, like others on iJk t-iraf had a very small bore— 
yn!y 9ft jin wide and Jill high mo/Sf 837544J. Boat* had to be 
lagged through, die ItggrrV lying on narrow hoards sprung out from either 
side of the boat and walking on the sides of die tunnel to push it througL In 
1M4- .1 new funnel r parallel with tbe o]J T was completed to designs of Fhottias 
Telford. [1 was of large section and had * tuwpHh, but this has now been 
denidbhed For sonic 90 yean both tunnels were worked on 4 one-way 
system* but in tgi S colliery' subsidence necessitated closure of the older bore. 

Gf even smaller section than the oU E hretasile- tunnel is St.uidedgc lumirl 
(1Q2/SE 006079 to 040120) <m the HudJcniield Narrow Cmal, which in 
places 11 only lift < 5 in high mi 7ft wide. Sundedgt, cons pic ted in r&u- u 
the longest canal tunnel in Britain (5,tig&yd) ami on the highest mm 11 L it above 
Mra level The 4I mile level through the Pctinincs her u ecu DtjrgJc and l Viarw 
den is 045ft above Ordnance tfatum. Although the CiftaJ was abandoned in 
1944, (be tunnel b still navigably A through passage m a properly organised 
party is an eerie erpmerux, as the bore opens out at mtervah into caverns 
blasted in the rock where boats can piss A hunt glimmer of light ptuiciraies 
occasional I v through die ventihgon diafts, and die mmbb of tnmw m the 
neighbouring railway tunnel sound* through die smercoiimxtmg galleries 
used by the engineer* of lutf a century later to gain atera to their workings. 
Several of the larger cana l tunnels are now impassible, although hi must 
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cases their portals and ventilation dhafi tops cm still be meed. The 5,817yd 
Sappereem Tunnel in Gloucestershire, on the summit level o! ihe Thames 6 c 
Severn Canal bcneaih titc CotsWds, is waterless irul in pin collapsed. For 
tome yean before it%. closure in 1911 the canal had water supply problems* 
owing largely 10 she dry and porous limestone country through which it 
passed. The cut porral (157/SO 906006) of Sapperton is one of the few canal 
tunnel entrances to have my arefch*C*t«iJ pretensions* with two niches (but 
no statues) Hanked by finely cut pilasim. Hie Weal portal (157/SO 7440)4) 
by contrast is very simple. 

The 1.795yd Lappa! Tunnel between Halesowen and belly Qak on the 
Birmingham Cmd box like H.11 elastic Suffered irvun mining subsidence 
and collapsed, bo too has Norwood Tunnel i n Sysyd„ on die Chesterfield 
Canal and Uuitcrlcy Tunnel* 5,063 yd* on ihe Crnmford CmaL The longest 
tunnel still in tegular use on a through navigation in Britain was Bliswotfh 
(140/SP 729549 10 739503), 3,056yd* on the Grand Union Caiiiit in North- 
-miptonshire until the retail restoration of Park head locks pui the 3,174yd 
DmlIcy Tunnel on a pleasure craft route. Bbsworth Tunnel caused its 
builders .1 great deal of trouble* the first borings being a complete 1 Allure 
owing to excessive water finding its way into die workings. Work stopped 
in 179^ and 11 was not unu! 1802 that a new suit was made with another 
tunnel on a slightly different line. This was eventually completed in March 
1805. neatly 5 yean After the rest of the canal had opened. Before the mniiel 
was tinishcdi a dmiblotradc horse tra inroad ran over the hill from BIB worth 
Wharf to what is now the tboi of Stoke Bmtrme locks. Time in ihe Biis- 
wurth area will be well spent in 3 visit hi the Waterways Museum at Stoke 
Bruerne (14A/SP 743500). where there are a number of open-ait exhibits, 
including 4 boat-weighing machine* pita a unique collection of relics 
housed in m old grain warehouse covering the rich history oi 200 years ol 
eaiuhand their people. 

Of all the engineering works of die great canal builders, aqueducts I save 
fired the imagination and excited the greatest wonder. Designed 10 bridge 
valleys that coutJ no! easily be negotiated by dight of locks, they were 
object* of incredulity ai the unir they were built. Many have survived the 
railway age* which had its own proliferation of great viaducts* with their 
splendour undmmnshcd. Brindley's pioneer Barton Aqueduct— "die castle 
m die air, Smcitdn called j£—lias already been mentioned. In fact it was the 
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liighnt and racily most spectacular of Brindley's numerous aqueducts, 
most of which arc iquat brick or masonry structures providing little more 
than multiple culverts for the riven underneath. Ihc Dove Aqueduct 
(tio,'SK on the Trent & Mersey Canal near Burton-un-Trem is a 

typical example- With approaches it is rl miles long and has twenty-three 
low arches. Others earrv tlie Staffordshire & Worcestershire Canal over the 
Trent at Great Haywood (uySJ and the Sow at Milford (irp/SJ 

9732IS}. 

William Edwards' precedent of pierced spandrels, which appeared m his 
graceful Pontypridd Bridge of 1755, was used by Benjamin Outram, engin¬ 
eer 10 the Peak Forest Canal, when he built Marplc Aqueduct (101 /SI 
OJIS9M) across the River Goyt. Designed to reduce the structure's sclf- 
wetght. the holes also visually lighten and enhance the appearance of the 
aqueduct. f(lf And panaclie. however, the masonry aqueducts 

of Johu Ramie are unsurpassed. Of dwricai proportions and detailing, his 
Dun das Aqueduct, a single-itch span carrying the Kenner it Avon Canal 
over the River Avon near Monk ton Combe (106/ST 794623) in Somerset, 
blends into tile steep wooded valley and completes the landscape in a very 
English way. The warm limestone provide* a perfect medium for an 
architect ttttl treatment of the structure appropriate to nearby Hath. Three 
miles to tile south the canal rtvrowcs the nver ar AvondilT(i66lST 805600} 
but here neither the design not the present condition of die structure are as 
good 1 he bed is dry, revealing the ecu ion lining of the trough, whale the 
stonework is covered with mysterious masons 1 marks. Tile sag the centre 
oi the rivet span it thought to have occurred soon after the aqueduct was 
completed in 1S05 A larger and more severe example of Ramie's work is 
the tune Aqueduct, Lancaster <#9/SD 4 K*e»), which has five arches each 
ot 70ft span, carrying the Lmcasrer Canal pft above the surface of the r,v c r 
(Hate 7 tf. Bmir m a iiard grey sandstone, its top derated with a handsome 
Done cornice and b.tlujwade, it too blends into the hiatus nortli Lancashire 
landscape, a fine combi nan on of functional simplicity and elegance in 
design. The arch.tea. Alexander Stevrm (.730-96), possible collaborated 
wttii Rennif. tm its detailing, 

■fhr supreme height* of engineering accomplishment resulted f rom rhe 
use of caw iron m the buiUmg of iqueducis. although, unlike the first iron 
bridge, tire earliest example* had an experiment lack of confidence Possibls 
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the fmt use of rhe marerpJ was m a small aqueduct m Derby, now 
dcmotaihci!. bur here it only formed part of the whole ifruerure. One month 
ktetT foe opening of fhh Derby aqueduct, in March iTpfi. Telford completed 
hi* eroding of the river ti Lotigdort-on-Tmi in Shropshire (iig/SJ 017156) 
with foe claim, T believe Am to be the first aqueduct for the purpose* of a 
navigable canal which has ever been composed of tJlii nirtai/ Certainly m 
Telford's aqueduct (Plate *0} cast iron has real structural significance, not 
only ui the construction of die trough itself but 4ho in the supporting legs 
and partly cantilevered tow path. More important, however, was the oppor¬ 
tunity Tnngdoti gave Telford to test md demcnamte iron as a cguhituc- 
tiotial material before building Ins masterpiece at Pom CyryUte. Longdon- 
upon-Tem Aqueduct 1* a modest structure* with two full spans, one across 
foe nver* and two half spam springing from the brick and masonry abut- 
niciiE* Tile cast-iron sections ate arranged in a similar manner to the vOtKSSoifs 
of a tiutonr}- jrdi and bolted logether through flanges. The towpafo is 
attached to the outside of the trough, which is [bus of die minimum cross 




$a Lonjfd^n-fpn-Tc'm Aqueduct, Shrnpdure, by Thomai 1 rElizird. Thr finr iom ^qtic- 
duel in the world. binIt m 1796 


wtuui ncceUAry for ^ boai tc« paw, .1 dc^ign error dial was hoc repeated at 
Pont Cyiylltt The problem with thr Laugdon arrangement was chat great 
effort was needed to pul! a boar through, as it was difficult tor water to 
piss between the sides and bottom o i the boat and thr trough itself; at Pom 
Cyvyllte the tow path projects in wards over 4 wide trough, leaving plenty 
of space for die w ater to paw, 

Telford's great test cainc when he was resident engineer to William Jessot 
on the Ellesmere Canal. Hue the problem was one o( carrying the canal 
across the valley of dir Rivers Ccniug and Dec as part of a prorjcci originally 
1 mended to dp tile coal and iron district atm m i Etna bun and, the Ireiuiic 
quamrs near Valle Cruds* Lhmgollcm The aqueduct across the Crinog it 
Chirk (u»;’Sj £$ 737 *) has alw ays been somewhat overshadowed by tile 
proximity of its great neighbour, but on any other canal it would be regarded 
as ah oimundmg work h has ten arches, each of 40ft *pan, carrying the 
canal 70ft -ibove die nvct. Although the structure of the piers and arches is 
of stone and appears conventional in every respect, the trough itself consist* 
of cjist-iroii plates, flanged and bolted together, which effectively tic in the 
ndt walk nf dir aqueduct. Telford appreciated that a puddlc^chy-hntd 
rrough of the type u*ed by Brindley, together with the missive masonry 
necessary to con tain the pressure of water, w ould impose impossible weights 
on the foundations of the piers; hence the use of cast iron. The tin unfit ton 
stone of Chirk Aqueduct wa> laid on 17 June 179* and it w ar completed 
in iftor. 

360 



klVEHS ASfD CANAI3 


Flic canal nms north from the aqueduct through the 459 yd Cbirk Tunnel 
{one of the first 10 hive a tow path) to wadi the much larger valley ot the 
Dee. Here* at Pom Cysyllli (11^1714^), aero** the Vale of Llazigollcn, 
Telford carried the canal iimie 1 !nn IJofi above die nvrr on -in iquduct 
winch has remained one of the great engineering achievements ol al! time. 
CompareJ with the alternative, of locks- down each side of the valley, all 
Aqueduct seems she obviou* uilution; it u the scale and sheet engineering 
elegance of that solution, howrva, which give- Pom Cy^Uie a justified 
plaice amongst the industrial archacotogkal tighx* oi Britaiu- 

Ai Pont Cysylkc, as we love said* Telford adopted a trough construction 
cniinrlj 1 if cast iron* and the sulc sections* as je Lcfngt!on h are wedge- 
shaped to form an arch-like intern re. Unlike Longditfl, however, the 
trough ls supported underneath by cro^bttpcd cast-iron ribs (I’fatc s 0- 
Ibtir beneath each span, The trough width is 11It TQiii and the deck of rht 
towpath, 4ft xHjii wide, supported over the svfltet surface on iron pillars 
Cast-1 mi 1 railings protect its outer cdge P but on she opposite tide the water 
level is only a few incites below the unprotected edge of the trough w all. 
Nineteen spau.v, each of 53ft, make a total length ol j,<x>7ii between the 
approaUi embankments- the wmtli one of which* with its height ol £ 7 tt at 

St Developed from Longdon, life irough section of Tclfhrdh P^m Cysylitc 
Aqueduct are lupported 011 can-tfon nhi 
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the up. wai the greatest earthwork In Britain at i!ic time of its coiutmcnttti. 
The pier* supporting the trough ire of *omc imctcu m i 3 i.it, to reduce 
weight. rhej in- of hollow eommiaiotv From a lu-jglii of -oft upward*, 
with external wafUonlv 5 Ft thick, [ulema! ertM walJs,. used m in the hollow 
spandrels of Cliirk Aqueduct mid most of Telford's road bridges, provjJr 
ilte iwccs-^ry nruetnral siifivning, Today the Pont Cysyllte Aqueduct 1 i.t. 
much ihc mi he apjfrjratice a-. u did oil iit opening day in November I N05 
and* although neglected and 111 ill-repair tor many years, 11 h. now scheduled 
as an ancient monument by the Department of die Environment and kept 
in a sound cundttjpn bcfmitig perl ups the greatest single engineering epic 
ofrheaiui age, 

Another aqueduct worthy ol notice 1* die Mearle* (131/SP 16260$) on 
the Straitord-upcin-Avon Canal, 

At tile network of caiuli spread and the mienul trade o( the nation 
developed, 1 whoh new vaminui indium' supporting nicrdtiiu^ hti.umem 
suppliers of provisions, wurdsome 111 er 1 [ock-koepeti and Irttgtiimcn grew 
up also. This industry made ns impact on the landscape in die turm of new 
buildings ranging from tiny and uncomproniratigly simple canal-side 
cottage* to new township* with handsome manuorn and warehouses. Pew 
canal buildings exhibit any tgmciDu* architectural expression, and many of 
the smaller ones arc a straight l or ward ami economical translation of con¬ 
temporary domestic traditinm to new circumstance^ Exceptions arc 
inevitable arid one only lias 10 look it the [legem y-*tyEe faridgc-mari 
houses on the Glouratcr Berkeley Canal, the barrel-roofed Stntfcrd- 
upoti-Avon Canal cottages or the round-tower catul hmifci of the Thames 
& Severn to appreciate that here and their wmic architectural thopght w as 
involved. These are very modi thr except ii>m, however, and the general 
rule, av exemplified by hundreds of little known and uiiprctentrom struc¬ 
tures. h in great contrast to the railway buildings of tin- (Villowing ccntsiry, 

At Various plate* on the caiuJ network junctions mi trandirpnuni pc-inis 
resulted in <nneentrJfiom «d unaj-tide buildings wfaidi in ^>me case* have 
developed into independent communities Smut of these 1 new x<twt\% of the 
Canal era* smajj m comparison with the developments w Jn-li were u« , ltcur 
in the age of the railways, oil! uirvivc Mtbmntiafly imaa and are among 
the earliest specialised liuluitral urban grouping* in Bn rain Perhaps the Wit 
fcmwti, and ccminly the mort highly developed of these coinmimitks, iv 




*2 WJuif crane, Bunihlebole Basin. Nobcrton. Dudley. WurceHaiHfts 


Stnurpori-on-bcveni (tJOjfSO K10710), built ji the ettiJ ol jhc ciphteemh 
century as a trading and transhipment centre whew the Sr.iffordsiiirc fii 
Worecstmhire Caiwl lock* tbwu to the River Severn. It became, »* ^Rect. 
an inland port between the Midland* and (lie where gc*ds could be 
transferred from canal narrow boats to river-going barges and sailing trows 
that voyaged dawn to Bristol and the South WaJcs pqffc. Here in W writer- 
shire Brindley 'caused a town to be «««d, nude a port and dockyards, built 
a new elegant bridge, established markin', and made 11 tin won cr nor on > 
i>f tins county but of the nation at large.* Although the bridge sv.is rep acet 
by a larger cast-iron span during the nineteenth century, the centre of 
Smurporr has changed little. Itjmi survived the neglect following the decline 
of Canals and is now reviving is , leisure boating centre. A (nlc brtcL ' vlr ^ 
lnjuse with dock tower- stately merchants' l«W» * 0 * humble cottage* all 
reflect the wndfeomdnus intpraimn of the early industrial Revolution. At 
Shard low (lat'SK 444*<*)■ «“** the junction of the Irciu Ac Mersey C^t 
and the Ris-er Trcm. stand* Another such point of interchange. built purely 
for commercial purposes but exhibiting through the architecture of lb 
warehouse a fimcrimul beauty deriving from the simple »w •» tr.dmonal 
building materials. Warehouses of a more spectacular scale may be seen ar 




Ill V £U!> AND C, ANAlS 


364 

EllramcEC Port, m Cheshire (toq-./SJ 405775)* another junction, between the 
Witrd line o! Jc^op jnd Teltord^ Elk-uncrc k Chester t jiuJ and dir River 
Miwy. Dating originally from *705* Ellesmere Pern continued to grow 
until the 1850** suffered a temporary relapse. and thrived agatn jficr the 
completion of the Manchester Ship Cattnl 111 the 1 Kyos. although i& prosperity 
then no longer came from intend canal mriic. Unfnrruiusely Telfard\ grtjr 
general v- ifeiiouK.% one of ihe finest sttutinm on Britain \ waterway. ha> 
now gone, destroyed by hie in 1970, hue other impressive ^metur^ still 
survive and the genera] arriiigciiicni atid Liyoui of the port jmd iti facilities 
ue worthy ut cjcjii 11 nation. 

1 -.Liv much of the loiuI network, she larger pjrt of which is no longer 
ttsed at all tor coTnmern.il purpose^ is undergoing a 1 reformation. Groups 
of cmhiisi^ working in cooperation with die Biitidi Waterway* Board arc 
energetically putting many of the more kenfc rentes back into commission 
for Id wire purpose: dir names and add met of the leading varieties ami 
coordinating bodies are given in Appendix y Already the nonhem section 
of the SrrartordHi pen- A von Canal n opcF.uioti.il restored from a itafc 
tif complete dereliction. and Working puries arc jetive on canal* vudi as the 
Penk Forest, the Kama & Avon and the OLW Moreover, the amtruty 
value of waterways is itlvo being recogm^d by local niihormes, and enrer^ 
pnsmg conservation sebemn have been earned out m die Lurie Venice area 
of Paddington; at Farmer 1 ! Bridge, Birmingham, tire junction of the liar- 
inhtgh a iti Canal Navigation main line and the Birmingham A Fazdey Canal; 
W at tin nearby Cw Street basin. Tree planting, lanikjpmg and the rc- 
h.i hi hr am-in ot derclkt e mil-side cottages all contribute to the m™ 0 f 
schemes which amply demomrrate dint the canal ill a n ge^m AfCi n0 | 
llave Eo be an eyesore- 

Although the future nfriie turmw canal tyuan must lie in amenity usage, 
rhett lie a nuns her of tatmncrcul waterway* actively in operation 4 nJ 
employing in many eases up-toOatc cargo-hmulling technique, Centred on 
ilitr 1 lumber are the Airs & Older Naingaijoji. giving joah (vt ton 
liargr* 10 Leeds anti Wakdid J, .slid ilit Shctficld & 'mnth Yorkshire ansi 
T'ran Navigations tunning it Koihcrtiarn and Nottingham r^jwrtrvdy 
The Weaver Navigation can take limbic ships, as tan the Gloucester & 
Slurpnc^ SI 1 ip Caul, a {ink. in the navigation of the Sevens up to StOnrport. 
'Hie South E.nt li.i-. the lllimes slid die River Ue Ojik ,m these kinds of 
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waterway. and of euune ibe Manchester Ship Canal, tan further eargt*- 
n trying developments be expected, On the majority of iiiIjik! njvtgadoro 
the commcfda) traffic which brought them into existence in (he **oaJ hill 
of the eiglucend) century lias gone tor ever, and only the urchae^'lugk'-il 
ttttuins reflect die buoyant endiusLUUU panache and grinding labour ot the 
emu] proTimtcn. their engineer* 4iul tuwic^. 



15 Railways 


T he railway captured *hc imagination: of the people as did no other form of 
industrial redmotogy. In the country of origin of the mam locomotive, 
die UK. and A\i:w linn ion, the opening of .1 new railway line wav utmost 
atw avian uecuuon for fesijvitici and rejoicing. A ecimtry or more later the 
Acmm nt Hearn; on British Railway* in the late ty 6 os evoked a w^ve of 
nostalgia L[im e without precedent. Today more than goo steam railway 
locomotive* are preserved in Butrin in muscumy on privately owned branch 
lines* or merely on 4 w*n strclt lies, ul tra h where they can be put into iteiim 
for a few hour* at a weekend The railway was the first form nr transport 
witH which flic mass of the populace had any contact, and as such it hat- been 
regarded asrightfully mbjastio Iwitli public mtititm ^ud afiection. Criticism 
uf railways and their method* -f operating I1.11 always been i fit In unable 
vport, while affection, of almmf equally tone; branding. ho centred largdy 
around the mystique of the steam locomotive Much of the enormous 
bibliography which rjihvjv. hive generated is also devoted to ‘-tram power, 

in rim chapter (hr civil engineering works, die real mate of the railways, 
will be considered primarily. 

The idea of using rails tor vehicular tralllt date* back much further than 
the steam locomotive, and this early period, which might lx: called flic 
i prchiniary r ol railways can be a fruitful area of study for the induittfld 
anthaetsloght. The pitHuunn nt held remaim and frequent wealth of docu¬ 
mentary mi cartographic information has enabled a remarkably complete 
picture to be built up of the role of the milway before the coming of iream 
power SpctUfcaJLv irehifiokigka! evidence baa made a nujnr contribution. 
1 he fmt use of raih in Britain was probably in the late sixteenth century in 
Shropshire. Nottinghamshire and Norihunsbcriaiub In these areas line.* were 
built for moving coat relativety vhort dtHanecs to riven or the toast, where 
bo*il CoqU Imd it, Th: raiU were made of wootf as it first were the wheels 
that nm on ihem Nut until thr veccuw! quarter of the ciglnccnth century 
were tffiMi wheel* employed nod wooden mils faced with tree plains to 
reduce wear* 
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The first known use of' iron rails was in 17*7. Cast at Cb*ttm»kd»lc »> 
Shropshire, they were thereafter used extensively on local tines in mil 
around coal workings and also m South Wales, They were edge rails, 
designed for u.se with flanged wheels, and were probably laid on timber 
cross sleepers. In the ttHos iron rails of an *L‘ seer ion—with die flange cast 
on tin' rail instead of on the wheel—were inmnlutcd and quickly became 
popular In South Wales, tor example, some J<» route miles of rhia ‘plate- 
wav' were m use 111 the early years of the nineteenth cciniiry, and in Shrop¬ 
shire, the birthplace ol tlir iron edge rail* die I. section p!(HB became almost 
universal (Plttte Sj). The new nils were supposedly stronger than the edge 
rails, but 11 n doubtful it tire other claimed benefit—that die vehicles could 
be mod orf the rails m colliery yards—was loutid to be particularly useful, 

A ftcrtr on ifitmUiology is ickvjnt here. as & variety ot sometime* con¬ 
flicting tiomcncLniir Itu been applied to these early prfcJocomotive rail- 
ways. All were ictlmically railway*, in tIliit tile vehicles nit pat * ilihou^li 
the temi r^ilmiatl’ was more widely used befijrt tttjoand was liter adapted 
Ah msmhud in North America, In the North ot England particularly, when: 
edge nnh were favoured Vaggpiiw»y r wa* used, and this pcfttiucd until 
rets lively recently* Else w here, lwwuvcr K Tramrewd, dfaiwct^d and 
'tramway* were after 1750 applied specilically co line* employing l 
rails, The origin erf these term* n miccmin* but ilitw potsiUy daw from 


$3 I hu]-trail cp CBt-iT^Tl plate way* Co4lbruobJjir, SlirafsJufC 
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the old (icniuti or SrJtiiiinjvun words lor a beam ol wood, .1 "ttjjm', 
winch might have been the rail. Certainly ‘lummy’ and 'train' were 
applied to the vehicles themselves in die axtmuh century. There it mi 
evidence to support die theory that ‘termroad" had any connccricui with the 
name ■ if llenjaiiiin Ouitirn, one of the chid protagonist of the cast-iron 
rail Later in the mncteaitli century, of count, the word tram way was 
revived in j different context, to describe the new passenger-carrying street 
tramways, tint hunt-drawn and Inter dmricjlJy propelled. Yet another 
word specifically applied to the early railways using L section iron rads was 
plate way’, from which the modem term 'platelayer' originates. 

Three distinct forms of pre-loco motive railway developed before 1830 
ami all were in operation side by side at the outbreak nf the steam-powered 
railway revolution. The tint rype, .ts we have seen, comprised lines built 
and usually owned by cod owners to connect their collieries with ciisting 
river or tea transport. Successors to these are still operated, as tvmveniiotiai 
tail ways, by the National Coal Hoard in County Durham, one of (he longest 
lystcmt king the Bowes Railway, with lines radiating south-west wards 
from |arrow Suithe* (7K/NZ iiJUjo) towards Pontop. The second type of 
tramway was built as an adjunct to a canid ami wj> usually owned bv the 
taiiLil company, Tramways were It- restricted by topography than canals, 
ami from the J?*Os . iiwards were built in large numbers as feeders to canal 
branches. The third variety came into being on £0 Julv 1N03 V vJicn tin- 
Surrey Iron Railway was opened as a dctibltMradt public tramway from tlw 
Tlmues at Wandsworth to Croydon, g miles away This line, which was 
wen ,iv a possible lint stage in a route from London to Portsmouth, heralded 
the era ot public lines promoted as com mem carriers bv separate railway 
compiling 

Of (lie ttaUicry-owned rad operated I tins, numerous remaim survive, 
particularly in the North iiwt Oiu- of these remains. at Tan field m County 
Durham, w the Causey Arch, bmfi in t?;? and generally accepted si the 
oldest cxiniDg railway bridge ty;N 7 . 230*37). ft .s a specular tmuemry 
Miuemre about tefi high. 10 span of 103ft die fifth largest of any masonry 
railway bridge 111 Britain Near Whirfddf also -,..uth of the Tyne, early 
cightremlwxnrnry tramway eankotb are ra !* « ed Jt ijigh Smi 
(7S/NZ 137 * 9 *)- 

One of die eat lint sumsing railway buildings u a wcigli-liotuc of 17179 
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ir Brampton Sand*, Cumberland (7G/NY 550600)* on tlic alignment of the 
Brampton Railway, an extension of the Umiak Fell Waggon way opened 
about 1775 Near Kirkhousc* cuttings and embankments are easily traceable 
(76/NY 567599)1 while the r,urthvvork± uf the Parker waggonway; south of 
Whitehaven harbour, tan be vren at Monkwtay Bruw (£2/NX 969*67)" 
This line, owned by Sir James Lowther p was opened in 173tf + 

The mile Middleton Colliery Railway m Leeds, dating from 1758* was 
built under Parliamentary Acts and is thu* claimed to he die first dEria&y 

aiithomcd railway. Noe a great deal tan be seen of the original dig. nit, 

but the incline, known as the "Old Run\ can still be traced and stone 
deeper* ire visible on Hundet Moor where they have been teNOsed is 
platform edging. Three miles of the railway arc operated witit steam 
locomotives by tin- Middleton Railway Trait. Some of the line is protected 
by the NjijoiiiI Trust, 

Lines feeding eared* ate well represented arebaeologiCAlly and, unlike the 
colliery lines, w hich are mainly in the north, they arc concentrated primarily 
in midland and $011 them Kn gland where die canal network v>,ii densest. 
One of the earliest examples nil from fisc FrogMI bavm ten]muss ot the 
Caldon Canal in Stafforddiirt (lu/SKoi&tT?) to quarries at 

Caflldpn Lnvvc. T he tanaJ itself* ■ brinrh from iln* Treat A Mcncy, at 
Emma passes through the Chunter valley and some of the finest scenery in 
north Staffordshire, It is being restored by the Caldon CanaJ Society, 
Remains of the tramway, built originally in 1777, and realigned in 17*3 
anti again in TB02 (by John Rennie), arc mimermis. At Woodcock there is 
a ruined badge and at W bis ton a complete bridge, an embank merit and the 
remain* of one of die dir« self-acting inclined pljncs (ui/SK 019476). 

in Derbyshire extensive remains can be hlu of (hr Peak Forest tramway 
engineered by Benjamin Outrun and opened m I7«;6 from Elugswonh 
(now politely renamed flux worth] basin (l tl/SK oiofcq) to Chapel-on- 
jc-Friih and limestone quarries at Dovdtole*. Jhc tunnel -U Clla pel 
Milton Mis 'SK 058S17) mmt be the cirhcn tailwis tunnel in the world. 
Much of the alignment can be traced, including long hues of stone sleeper 
block* A svagent is preserved jii York Railway Museum. 

Another well preserved line extended from WilleJey on die Adiby-tlc-la- 
Zoucii Canal in Leicestershire to limestone qtmrarv at Ticknall and Cloud 
Hill in Derbysliire. The best sites arc in Tichial! itself where n badge 
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erodes the street (ni/SK 156140) and a 1 jHyJ cutsmd^ovcf tunnel 
lus been put m to preserve the amenities of ihr approach to Catke Abbey 
(t2l/SK 35521**]- On th c Somersetshire Coal Canal sparse re mams can be 
wen iif an inclined plane tramway dim was laid as .* (temporary link je 
C ombe l-ta) iGrt ST74*604) while .1 flight <iftwcnty-[ui> locks w is being 
built. The alignment ot a simitar type of tramway, later used as a bridle path, 
links the two ends, of Btlsworth Tunnel (146/SP 7205 ^y to 739503) U was 
used between jtoo and 1S05 to connect the two cuds of the canal while the 
tunnel itself vsa* under conifniciion A peymwMetit inclined plane for the 
transhipment o( goods from canal hoars xo wagons connected the tcrnumi* 
of tile Tavistock Canal above Mor well haul with quays cm the ttivrr Tamar 
247ft facto w (1*7 SX 44669^. It w*» opened in t£t 7 , The remans of date 
deepen are preserved m ilnr Murwdfham Quay Centre for Recreation & 
CducadoiL 

Ol the hues built to Irak section* of canal, the longest was die Groin lord & 
High Peak Railway in Derbyshire, opened m 1*31 to join the Cron 1 ford 
Canal with die Peak forest Canal near Whaley Bridge, Tupping the lime¬ 
stone resources of the Peak, 11 spanned 34 miles of central Dcrbydfiie, re,idl¬ 
ing at its summit a height of t .zwit above sew level. Inclines ecmnccLed die 
■mitral seetio na ith the termini Much of die tine, which wan using juraio 
locomotives a* early .0 1*34., remained in use us 1 railway r. it her than a 
rramway uiuil 1067 M11 ies ot ib tratkbed an lie walked, mdodnig the two 
great incline*—Middleton and Sheep Pasture, Ai Middleton Top (fii/SK 
175552) the steam winding engine is preserved. 

The biggest mileage iifcanakjwticil tramway* was in Smith Watts, where 
almost all the companies had cxtrrfovc feeder networks. The Monmouth¬ 
shire Condi for example, owned 14 mute miles of railway, comprising tune 
icpame Imei. A pftkukr ad 1 vantage many of these cml-orrying lints 
enjoyed was dial rhe down gradient favoured ilir loaded ifniiis There rs 1 
bridge at BLicruvofi in Prince Sulci* and a milepost a? Abersychan Also in 
Men mo m 1 1 dure, jlihnugh nor on tand-owned lino, .ire [be 2,050ft Pu. 1 l- 
Pdu l umicta opened 111 1S15 partly through old nunc workings (141 .’SO 
24*114), and a fmt bridge tarrying alt incline (Plate S4) on the RedhrooL 
branch ot the Monmouth Railway, opened in 1H1: (142/50 537105). 

It was inevitable that the success of die tramway as an aid m canal and 

river reimport should result m Us use as 4 common carrier in its c«\s n dghi 


U Tramway incline bridge in the Wye Valley it Redbronk. M&mtttudiihire 


tur providing irrou-rmintry links. The Sutrex Iron Railway of ifloj was 
the first and uthcr\ followed ifukkt). By the iSio* several of these horse- 
drawn public railways were being authorised cadi year, mainly for freight 
ImuL^c. although as early as rtfo -1 dir Ox -lernimieli !t iilwjv raiming ;iloiu_t 
tin- coast between Swansea and the Mumbles was tarrying fare-paying 
passengers, ft i* important to appreciate that the railway proved its value, 
and perhaps even its superiority over the canal, before the Introduction of 
steam power, and tfui by the imd 1820s inter-city routes were be hist pro-- 
posed- Lines such as the Sirhowy {1*02}, die Severn & Wye (t8og}> the 
Mansfield A Pmxton (tAi-*) and the Stratford & Moreton {1821) were all 
concaved as horse railways, and as such were highly successful. Some of 
their major civil engineering works remain, *udt a* the bridge aertm the 
Usver Avon at Stratford (144/SP 205548} now used as 4 footbridge Some 
re-cm-fcd track of the Surrey Iron Rad way can be seen on ns original 
align mem at Pur ley Rotary Field (xjojTQ it 6622] and some mote, though 
not on the old route, at til c Jvlijft Arm* (170/TQ 290 :43) and outside 
Waltingtoii branch library (170, TQ 2^8638). In Ayrshire there are notable 
tramway bndgr remains at hjtrlse (07 NS where the Kilmarnock & 

I noon Railway crossed the River Irvine, and the remains ol an early dtcu 
bridge on the Donra branch of the Ardrowan & johmtonc Railway (jy/NS 
Ijfcpj)* 
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It took, just aj years for die locomotive to prove itself the most suitable 
means of applying the puvwa of steam to railways, Richard Trevithick 
(i77t~t®33) built what is generally considered to be the first steam railway 
locomotive at the Coaibiookdatc Ironworks in Shropshire srt r8o2, and 2 
years later operated 1 similar machine <uttc«fuJly on die iVnydarran ItatU 
way in South Wales (1 ui$T OH3969), for a quarter of a century' the 
locomotive developed spasmodically, in competition with the use of 
stationary steam engines to haul trams with cables, until in 1825 the railway 
engineer (icorgc Stephenson, in an effort to decide which form of power 
w apply to the Liverpool & Manchester Railway, then in an advanced 
stage of construction, proved beyond ; d| doubt that the steam engine should 
move with the train. The Rainhill trials of ifliy, won by Step] lemon's own 
R<\kct, were the turning point in tile fortunes of the locomotive and the 
effective beginning ol die railway revolution. 

A number of 'proRainhiil' loco motives are preserved, and they demon¬ 
strate clearly the evolution of design. Trevithick was a pioneer of high- 
pressure steal 11 In stationary engines—that is engines operating at * pressure of 
ao-aslb per st| in—olid It was this vise of high pressure that provided the key 
to the successful development of the locomotive. The great size of the low- 
pressure beam engine, and more particularly its enormous condensing 
apparatus, prevented iis use as a mobile power source. Trevithick’s own 
locomotive, which has not survived, employed a horizon ml cylinder of 
tniali bore and long stroke rather like his staiionuy engines. Similarly other 
early locomotives wen adaptations of available high pressure designs. 
H>W Ditty in the Royal Scottish Museum. Edinburgh, and Puffing Billy in 
tire Science Museum. London, both dating from 1 rtia-ij, are m effect grass- 
hopper engulf ■ on wheels, whereas the fiction Colliery locomntiw of iHjj, 
preserved at the York Railway Museum, and the Killing worth locomotive 
m the Newrattk Museum of Science & Engineering have the more direct 
form of drive of the Matidday table engine. By ,hc late iSaos locomotives 
were being built with piston* connected directly to their wheels through 
pmrni and connecting rods Suns Pam! and Aorta, both contaukn at Ram- 
lull and both preserved ill tile Science Museum. London, are of this type. 
More important at tills daw, however, was die way in which the boiler 
svas developing, with numerous tubes between firebox and *mokeb*x 
giving it a good steaming rate. It was primarily (tie inperiomy of its boiler 
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chat pave Rctket the edge over its competitors at JUnlulL Within j years 
Stephenson engines such as Norlhiniifirttm and Phtnrf had established die 
general form ci the locomotive, which was to survive virtually unaltered 
until the demise ol steam power on Dritiah Rail in the lottos. 

The success of 1 the steam locomotive was very much a persona! triumph 
for George Stephenson ([781-1848) and his son Robert (1805-1859), In 
1825 the elder Stephenson had engineered the first public railway on w hich 
steam locomotion was used, although initially only on j small scale, between 
Stockton A Darlington. Five yean later lie built the Liverpool A Manchester, 
the tint railway to carry passengers and the first ro be completely stcam- 
wotketl from the beginning. Both were built to the now standard gauge of 
4 tr ?im. Hie origins ol this gauge ate obscure but it smut likely to have 
evolved from the tramways of the North East, a natural derivation jfrom the 
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width bcrwccn pairs of hone-drawn cartwheel*., The Stcpheiiiom were 
uiin tailed as railway engineers tn the early I and it ww that apprecia¬ 
tion tliai one Jay all local lino would be joined together In a nationwide 
network that led to the adoption of the 4ft Him gauge throughout most of 
the country, Only one major tint, the Great Western, brainchild of the 
htiDknt engineer lunubatd Kingdom Brunei. did not adopt stand aril gauge 
I im-K *udw*thc Stockton & Darlington md the Liverpool & M-kitche^er, 
and other contempts ratio like the Canterbury & Whitvtahtc and the 
Ldeetter & r Swanns ngton, had been built to satisfy specific local require¬ 
ments lor the haulage of goods. but m the event the traffic pattern was quite 
different; pa^ngtr receipts were mote dun double freight takings on die 
l ^ MR right down to tin- mid-r8|0\ and the national ccinwiouHie** 
suddenly became aware thar big profs rs were there for the taking, fly ?Sj6 
nearly 2.000 route miles of railway 11 a J been HArttoued* mduding most of 
what were to become the major trunk routes iocusdi oil London. The Gist 
of these wjk'k Step hen wMi't uipcrblj engineered London & Birmingham* to 
he quickly follow l-J by routes from the capital to Southampton, Brighton 


s* (JaEckeep^r'iLuttage af Clcnfickl kvtl cr^ttinp. Leicester & Swann rngton Railway* 
iS|a. Demolished 
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and Unseal* by jib extension of the L & BA northwards into Lancashire. and 
by o collection ot vniall line* which eventually linked London with York, 
the North East arid Scotland, Tlitec ol these—ibc Midland, Cowmen flic 
Uirmmgh-mi &l Derby Junction and the North Midland—amalgamated in 
i$44 to form the Mid bud Railway, one of't lie largest companies not to ha Ye 
j London terminus j bet which w as significantly to alter die dyluu of the 
EListon Road a quarter of j i century later - 

Hie railway revolution’ bom out ofihe vuecew of lines like tile Liverpool 
& Manchester and London & Birmingham got going in earnest m the iH^c.%. 
It was uni; of the most remarkable phenomena of the whole period of 
Britain* tnihiumlhatimi. Hie landscape changes the railway brought about 
were more widespread ami mure fin ida mental than those created by any 
other industry, and this is refleeted today in the profusion of remains. The 
ditret effect* could be tern in iurrm ol embankments inJ cuttings, viaducts 
and tunnel*. Oil the one hauJ H and by new towns surh a* Crewe am! Swindon, 
which were creations of the nut way companies themselves* on ihe other. 
Lesi direct but lust as obvious w.is the increase jii general economic activity 
brought about by the improvement in transport, a trend that had begun 
with canal* and accelerated rapidly with the coming of railways Railways 
performed the earner basic economic function at canals, shifting bulk goods, 
kt low cost. In addition, however, they offered the equivalent, on a larger 
scale, of the best eiglucentb-runtury prat roads, which provided rapid com¬ 
munication for people > mail and specialised freight. 

Ihe enormous impact the railway had on the economy and the -scale of 
us development arc worth studying. To the success of the SccCmd-gcneratiosi 
strain railway*—early main Jim* like the London & Brimingham of t&jS 
and the Great Western of 1S4I—ttwy be directly attributed she enormous 
boom 111 railway building which readied a peak in 184$* when 1*253 miles 
were opened. The peak yean for sanctioning construction were *£45 
(a,Kifi milo), i&4r> (4540 miles) and 1 ^47 f i,jv> miles}. Many lint* pr%^ 
mated 111 these Irannc yeans ol die fiiio-tfiao* were never built, so that by 
i^5U when a total of ii, 6p8 miles had been sanctioned, only a little over 
hdl {6^03 111 ilcs] had been completed. Tim in itself wa* a formidable 
figure. I .hiring the year* iBafr-H railway investment was absorbing 5-7 per 
coil of the n annua I income, about tiu.lt the total capital investment and 
equivalent to about i wo-third* of the valnr of all exports. It entailed a wage 
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hill ni million for j construction force nf ija.ooo, and In ifcjo there 
were tfo.OOO employees 1011(11111; the new railways. The significance ot rail¬ 
way hue I J] ni: in (lit national economy *A.t% ,udi ilut during tile |j^ i'*.; .■■ 
.imi die tSjos rjie tulivjy industry iiscli could In: regarded ai .1 major factor 
in determining ilir cyclic movements of the economy. Iron, coil ami bnek 
prices moved in parallel with die liming of railway contracts; indeed die 
demands of the railways were almost solely responsible for the enormous 
growth in iron rolling mills during the iMyos and iK6os. By 1850 railway 
locnmouvrt were burning 1 million tons of rod a year. and. a I though this 
only some 2 per cent of national production, the mk*w-uunu]iucd 
industries alt consumed their share too, ilaihv,i\ development led tliirttlv 
to increased urban growth, while the railway industry itself became one of 
the greatest breeding ground* of the new technocrats who were to be the 
mainstay ot Victorian industrial might. The effect on other transport 
systems was cataclysmic, liv die 1850s the lung-distance road coach had boos 
virtually eliminated and most canals rendered unprofitable. There was a 
real deterioration in road conditions in many parts of .Britain as the turn¬ 
pike trusts were wound up and road maintenance became again the responsi¬ 
bility ot 3 reluctant parish. 

With the completion of the Great Nonhem main line between King's 
Cross and York m 1852, nearly all the major routes ot the modern railway 
system in England had been developed. All ibe major industrial areas, cities 
and pons were linked by a network which, although its individual com¬ 
ponents belonged to dozens of separate companies, could be regarded as a 
national railway system There was stilt much filling m of the gaps m be 
undenaken, however, and both Wales and Scotland, with the exception of 
(he industrial lowlands, were virtually without railway lines. By 1914. its 
approximate peak, the rota! network of the United Kingdom was ij.ooo 
utiles. The £(,300 million invested in the system had created the most 
expensive, extravagant, wasteful and at the same time spectacular symbol of 
V ictomn miccch. 

British railways were very costly to bmJJ. ami at an average of £40.000 
per mile wme three or four times as expensive as American and most couti- 
netul systems They became an engineer* paradise, with lavish standards of 
finish to major bridges and viaducts, tunnel portals and stations There were 
real reasons, however, for die heroic quality of mud, railway engineering 
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and architecture, particularly m the late 18301 and orly 1841* Firnly, 
engineers such as the Stephensons and Bnitifl, white (onisiDusty designing 
tot the future, hid to allow tor the limned locomotive tractive effort and 
relatively underdeveloped mechanical knowledge of their day. So they huiir 
lines wnh easy gradients—die London Birmingham had a ruling grsullent 
ol i in 3jo—and therefore committed themselves to building heavy earth¬ 
works. Secondly, then.- was the problem of' making the railway a socially 
acceptable tile,ms ol travel, and tins ivai solved by magnificent termini, 
architecturally acceptable ill a city environment. line-side stations of a 
vernacular or domestic style often beautifully attuned to their geographical 
and social surroundings, and major engineer! ng imictnrcs handled with a 
paiuche .ind yet sympathy lor landscape unetjuaUeU in this day, Fuston or 
Temple Meads had the same function as the airline terminals of today, 
lacing designed not merely to book the passenger on to a train but to inflaic 
lus cgM, enhance die prestigtotwiicss of the railway experience, and reassure 
him that it war not as dangerous as he imagined. 

liorli the Stockton ff, Darlington and the Liverpool & Manchester rad- 
svayv were built before this attitude tad become fashionable-they were 
after all built primarily as goods lines. On the S& DR «<mc deeper blocks 
can still be seen on disused inclines at Briiswlttin (85/NZ 195155) and 
Liberie v and there are ibe earthworks of abandoned stretches of the line at 
Low Ether ley (8j/NZ ) 7 o;» 9 ) and North braze. A fine stone three-arch 
bridge by Ignatius Bonomi crosses the River Skenic at Darlington North 
Road (8j/NZ 2891 $7); this is perhaps the tint bridge of the steam age. and 
although it has been widened, the south thee is original. Another bridge, of 
cast and wrought iron, crossed the River Gaunless near West Auckland 
but it was removed in loot and can now be seen in the York Railway 
Museum—one id the first pieces of Conscious md us trial archaeological 
prcservaitoii. Htnc too h an S ^ DR chaldron wagon* very like die 
thousands that worked the colliery lines of the North East mini relatively 
recently; examples, can also be seen at the North of England Open Air 
Mummii, Beamish. Two locomotives from the iiac—loamtoticH of 1625 
and Drm nu (Plate 87) of the late rSjoi—aro preserved at Darlington Biuk 
Fop Station (fij/NZ 294140). 

The masonry arch in a variety of stapes and sizes wn by far the commonest 
type of railway bridge structure until the 1860s and 1870s. when fabricated 




fiy Stockton & Dtffingfirai 
locomotive Dtjurnt ptc- 
served it Dadingion St^iion 


girder* begin to appear* 1 lie Liverpool ft Manchester h^-s two line mastery 
viaducts by George Stephenson in the runc-ateh Sankey Viaduct near 
Warring mil (iao/ 5 j 5695*47) earning tracks 70ft ibove the valley Hoo r; and 
.1 uiijlkr one of fourarchn at Newtimdc-Willows {100/SJ 591954)1 On the 
Mini- railway tlic skew ,.r, b bridge carrying the main Liverpool to Warnn^- 
1011 road over the line as RainltiJl (ioo/SJ 491914) t» been widened* but the 
basic structure of the arch with its intricate compound curves it hi if] intact 
beneath the preset deck. Little rem ai ns of early ttaunti buildings although 
the original J- & MR eastern terminus at Liverpool Road, Manchester (t 01 /SJ 
H3097S) sn.]| bus some of the original offices and reception areas, Line-side 
buildings were donipsttc in style. influenced if mything bv eomctnporary 
nwd and canal architecture. The cottage ait&Atcd in Bridge Road, Scjohnv, 
Stockton- iin-Teei, on the S& I >R, and claimed to be the first railway book- 
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mg office, ii now administered by Teestfdr Museums, There is a building 
with more obvious lineage it Bjgwonh (nr/SK 44609O on the Leicester 
& Swaimtngton Railway, opened m 1852: with its haif-hcxigonal end and 
panel for a iiatw:xistcni tollWrJ, it i* 1 perfect replica of 4 contemporary 
tollhouse and is now, since the demolition of tiler gem ac Glentidd. the only 
one of its kind on the line and a curiom cat ample of the transfer of style from 
one transport system to mother. 

Tile remains if the first inters ity main lines, tike the London & Birming¬ 
ham and Great Western, are sutpfumgly ct>minort H and spectacular today 
as ^s'hizn j, C. Bourne recorded them in his dramatic series of Hdbographs ot 
tile early 18401, At Trcng, Hertfordshire (i$$/SP 9401 37) the gr at cut ting 
(Hjte SB) is 2-1 miles long and ftoft deep, and at UimUc another bite* Toil 
deep into the Northamptonshire hills {[4 6 jSY 750525). The greatest work 
on the L & BR. however, ts Kibby Tunnel (133/SP 3^15715 ro E nearly 

! 4 miles long it is marked on the surface by the brurk lowers of its ventilating 
shafts, the largest of which are 1Soft in diameter. All these works reflect 

Tnjig Ltitting, Hmforddiitr, cur m the late for ihc nubt line of die London 

& Birmingham FLailway and subsequently opened mil to totif-trw’k width 
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Gciorgc Stephcjmuk insistence on gcmlr gradient*; had the line been built 
20 year* hict, Kilshy Funnel rail Id have been avoided altogether. 

Stations on the L & BR have not fared so wcIL Tl*e destruction of the 
lusEon arch* Philip Hardwkk’s magnificent gateway to the world’* first 
ituin line railway, wai a major !oe^ tr \% perhaps some consolation [liar 
R avion * demise wa^ a major contributory factor towards creating; an 
informed and articulate fobbj prepared to argue the case for preservation. 
Indeed the industrial archoeolagisi of the future mi) well look bads on the 
)ois of Etmon as the lirsi groat ucrificial price tlui had to be paid before 
other monuments o| Britain's industrial heritage eon Id be spared* North 
of Fusion. however, at Camden* stands a vers tangible memorial to the 
early days ol the L & BH-—the roundhouse locomotive sited {f6t>/TQ 
z8i^ 4^) designed by Geiuge Stqibeimn and built m iKjyat the head of the 
mile-king incline up from the terminus itself limulty the trains were cable- 
hauled out ot Euupii' locomotives taking over at Camden for the journey 
north, Hardwicks other terminus building, ai Curron Street, Riniiitigh.mi 
(ijl/SP oSo ^-i J T with its Ionic columned facade and office block suWanna 11 y 
iiuaci, maintains a dignity rad presence truly monumental in character amid 
the grimmest ol urban surroundings: Birmingham could ill aifurd its lose. 

Another early mam line built iti the grind manner, ,*nJ of which coin 
licfaable evidence sumvfa today, was the Great Western coimccnng 
Bristol wiili ilac Metropolis Conceived m Bijnol md engineered by 
Jsambard Kingdom Branch only 30 years old what the railway s Act was 
poed in 1^ the Great Western wis part of 4 splendid vision, the child of 
3, bn el spell when Bristol recalled its former glurics jitd saw itself again as 
die Gateiv.iv 0 > the Wnt. Bnuirl iloiic among the engineers of jus period 
rethought the railway from basic principles anil argued that in engineering 
terms a much wider gauge—be adopted 7ft™would provide 4 better ride* 
permit higher spmk give greater carrying capacity and allow much more 
Latitude for future development than 4 & H*m, There can be no doubt that 
lit vm oglu. hi engineering terms, bm unfortuuatdy there were other 
to be considered. Goods and passengers had to be changed wherever 
the standard and broad gauge met. anil there was no poK»Nht> of through- 
running trams or rolling liodi. By die end of the nineteenth centurywhen 
Britain had the *tfcuui delict rail network in the world (after Belgium) 
the Great Wctfcm had to capitulate and change rn the standard gauge, ra 
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operation winch was completed m ifigz. 

The jminury west fiom I^ddington i* j triumphant tokcraion of major 
dvil engineering works cnlmiitmirtg in the minute (by modem standards) 
hill still surprisingly complete terminus at Temple Meads. Bristol. The tint 
Pj ddmg™I station b m gone, replaced by the in.igiuficctii nmltiple-aidi 
transepred tram died of 1854. deigned by Matthew Digby Wyatt The 
triiKcpti give the whole rwf uronurc .. remarkably complex appearance, 
bui they tint oTitx fulfil a viseful purpose, providing dcarincc for carriage 
traverser*, now ext met toedWiunis for moving individual veld eh* literally 
from one trade to another. 

Uu- hrst major work westward* from Paddington is Man well Viaduct 
{i6g/TS 150H4O) panning the valley of the Seem 111 eight yellow brick, 
arches and Jcmomcratmg in a restrained way BruneTs predilection for the 
E gyp tun style, to be wen iko in im Clifton unpirusian bridge Bristol 
Flic amu of J f 1 rJ WburnthfFc were pitted on die r*mrh (acc rn honour of 
one oi the Sfamidicsr supporters of the Great Western Bill hi Parliaments 
Ai Maidenhead comes the first crossing of the Tiouics (ijg/SU'/®(# iq) p 
on two 123 ft semf-eUipricil arches. diet* me of only 14ft fin making them 
the Hattest bride ircbo constructed af that date Westwards attain tin- line 
pisses tfiraugh die great outing ac Soaring {(59/SU 759743), originally 
planned as 1 tunnel *onn 1 miles long, before reddling Reading ami the 
route sip die Illumes valley toward* Didfot (Plate %?) Icl following die 
Fhames the line depart* from the mdmraiid route to the w«t 4 taken hy the 
Math Road and the Rennet & Avon Gnub Eo pursue 4 inure northerly 
Lourse across north Wiltshire lo .1 summit we.t of Wooiion Bassett. The 
descent into ihe valley of the Avon through the 2 mile tunnel at Box is the 
111 max of the line, Box Tunnel wuh its gradient of t m ioo, was to be for 
Brunei wlmi Rilsby hail bem for die Stephenson*—thi; civil engineering 
tour d? fane of the line, the one major work mi the mccraful completion of 
which 1 lie railway depended, In -idditinh to the uugimxTjng problems of 
this greatest rail wav tunnel so far attempted [it killed over iocs men during 
couitrtteuon} altnosr every conceivable bad omen was called down ujioti ir. 
wadi prediction* ol wholesale death and disaster lor any who ventured 
iiLside Ihir the [untie] vm completed, 9 months Luhmd schedule, in the 
summer of iSji. At its western end T * 29 <S& 9 ) Brunei always sus¬ 
ceptible to j setting fit winch to nuke * grand gesture, created a portal that 




Kp CittB Wrrtcm Kill way brcod-^iiigc lundard-pLigc gis^ds rruu Jicr *hed. Didcot, 
Berkshire 


cpitombci the early railway age und the man. Its dignified architectural 
style and enormous proportions sit perfectly m the cttrtmg cast of the Bath 
Road, which the railway heft rejoim, Only Brunei could stage-manage this 
sup re me advmiicniem tor the new Great Westem Railway at rht entrance 
to th.it mnmrr^m mil cxitiinrihniiry,, mk^e dangerous and impracticable 
tunnel at Box', West of Box ttit 3 irie com i ruins in drscau: towardi Baili* 
winch it ciiEen through a hcauofulh imisbed cutting along the edge of 
Sydney Gardhu siul 4 great viaduct of seventy-three atdies on winch 
stands the station, now much altered. Between Bath aiul lirasto? arc five 
more iturnrh (there were originally seven but two were opened out in j £04). 
.1 twenty-right arch viaduct at Twerton jjnj fom large bridges now 4I] 
«u!»tamMy tnodihciL In Brutal itself ii the grand finale, the terminus at 
Temple Meads the most complete early railway terminus ir the world, w ith 
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m 72k Stpaii dmbayroofcd train ihcd and Tudorsrytc office block [routing 
on to I .jniplc G^te. Although the train died ts fulfilling 1 new function jis a 
car park for the liter Temple Meads, completed tn the 1870*, the office 
block is virtually itturad and under threat of demolition for the inevitable 
road widening. No railway station extant today is more deserving of 
preservation, 

AEt aspect of any major railway project, for winch no teal pieced cuts in 
other forms of Transport existed, war the provision of repair and maintenance 
facilities for locomotives and rolling nock. On the London & Bmiiinglum 
a works was established approximately halfway along the line ai Wofvetton. 
and on the Great Western a mmlar 'green field 1 situation was clmsen by 
Brunei about :i mile north of the market to vim cjr Swindon in north Wiltshire 
On Brunei's Great Western over 70 ul the total of Ei£ route miles had a 
ruling gradient of Jess than 1:1,000. on 41s more thi* was incraticd to 1 :?jo 
md only in the western settion, between W cotton Basket .md Ha tin were 
steep gradients eneiHimercd -it a|] 4 the 3 miles including Box runnel involv¬ 
ing the sharpest seen on jr t:|Oo. The choice ol Swindon As a suitable place 
to up a locomotive works Him stemmed nut only from its approximate 
mid-point position. It was -« place where locomutivo suitable for die Jicav) 
gradients of the western section could be changed and also, as an added 
jdvjiiuge, a point where the projected branch to Gloucester and Cheltenham 
could meet (he mam line. 

Switidon was the first of the major railway towns* tor Wplverton was 
eventually to be eclipsed by Crewe- Despite Swindon's. enormous industrial 
diverification in ike ksi to years 01 so T it retains something of tile flavour of 
(lie Great WotefU about it Neat terraces oi worker' limivrc faced eh the 
local stone were built by the railway company around die entrance to the 
works cm the south side of die fine, and these, together with the institute and 
church, formed 4 new town second only perhaps to Sait am: near Bradford 
u an example of planned urban development One of these railway-huilt 
buildings, possibly designed by Brunei himself, house* the Great Western 
Railway Miiutim. which coiiMim j snull but comprehensive Collection of 
locomotives, including the replica broad-gauge Nwfh Star, and mmirucT.ihfr 
small items which add up to form the complex organism that was a railway. 
The Great Western name Is still kept a Jive by numerous preservation 
societies, and in locomotives md stock -ire run jr Dident by the Grcjt 
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Western Society> <m die I )art Valley Railivjy in Devon and on the Severn 
Valley Railway, centred on Bridgnorth. Shropshire. 

Curiously, some of the most widespread piece* of archaeological evidence 
>j! the early dayi ul" die (jrc.n Western are sections of bri>j J-ejuy;e rad 
designed by Brunei and made redundant hy standardisation of gauge 
! In im-1 designed his broad-gauge track with i continuous longitudinal 
timber sleeper beneath rack rail to i»ivc good but resilient support, and 
dicw (ongitudituU wac tied ei%y i ylt nuJ the tics initially piled into the 
wads bed. On the tttnbrn Mere hint r oiled-wr migh t-i roll rails of 'top hai" 
section fused down by bolts through the base tlmge or 'brim' of the bat. It 
■cetus probable that Brunei devised this particular section to give maximum 
strength fur a minimum amount of mm. and also possibly to arrive at a 
section that ton hi he rolled satisfactorily without si lifering the lamination 
experienced on other types of rolled iron tail at this pc nod. With the eventual 
adoption oi standard I section bullhead tails, fust in iron and htei steel, (lie 
‘bridge rail , as Brunei's rail v.,is called, became redundant; but it was re¬ 
used tht fencing stakes and as nrh can be found all over die old Great 
Western system, as lar west as Cornwall and Pembrokeshire -mJ north¬ 
west in Cheshire on the line lu Birkenhead Woudsidc A similar Killed section, 
although probably nut rutted rail, can be seen in tile roof girders nf the 
Swindon railway works drawing office. Another rype ot rad. used on the 
Citeat Western Jnd bs some flaitdard-giugi: companies and devised by 
W. H Harlow, aimed at dispensing with tin. longitudinal limber baulk 
altogether, the nil bang laid directly into the ballast. Of an expanded top- 
hat’ section with a base width of rain, it was not a great success, but Sections 
of the rail can still be found unite frequently ta the form of gate-posts to 
goods and coal yards, mainly on old Cheat We stem hues. 

Although few other railways were to be built throughout to the standards 
ol the Great We item, dozens ol major engineering structures and thousands 
ol minor ones dotted the mi metue network of the* which grew up through¬ 
out the remainder of Vitiorfci't reign. Some 43,000 bridges were added by 
rhe railways W the British landscape between tH}0 and i860 alone. The 
majority will survive, many in substantially original condition m J 1UfMt lt iJ| 
m use, A number of bridge types have already been mentioned and the 
pomt made that in the early period of railway building brick or masonry 
arch structures were by tar the most numerous. The largest masonry span 
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m Britain is the iSafi Ballodimyle Viaduct (fitf/NS 508354}, built in 184* 
of 1 ihc Ghigow & South Western Railway between Kilmarnock and 
Dumfries id the designs of the Scottish engineer John Miller Almost as 
spectacular is the icvcn-atdi Victoria Bridge across the River Wear in 
Stuidcrlmd (78/NZ 39^575} completed tn sSjS by the Durham Junction 
Railway, widi a largest span of i6ftL 

Most major brick md itonc^arch bridges on British railways have multiph 
arches with spam ranging fmm 25 10 50ft. A fine early example with 
unusually large spam of 60ft 11 the twenty-arch Rmiou Viaduct *| 4op/SJ 
58375+) hinlt by George Stephenson ami Joseph Locke to carry the Grand 
Junction Railway linking Binninghaui with Maiuheitcr and Liver^ol 
across the valley of the Rivet Weaver in Cheshire. By tar the long^t arch 
structure, however, was built a* late as the itffeos, when the Midland Railway 
put in its alternant 1 * route to die Soar valley line running from Kettering via 
Oakham ami Melton Mowbray 10 Nottingham through the rich Jurivdr 
EDoii-orv fields of east Leicestershire, Harnngwottki Viaduct {ilJj '5 P 914975) 
across the Wetland Valley. Rutland's only major industrial monument* is 
mm 3,5«rft long ami liav eighty-iwD bnck arches, It ti little meJ roAiJ 
except by occasional mineral trains. 

By the end of the nineteenth century almost all bridges were being built 
in wrought itdti or >ted, but concrete was imi suflkictitly developed and 
accepted at a building material to be used in some nt the last viaducts con¬ 
structed on British lines. There h an example at GlmJmnan (jj 'NM 910N1 3) 
on the M:ilLig extension of the West Highland Railway, opened 111 rW 
which h.o twenty-one jrdirs each of 50ft span and is built oil a curve of tz 
chains radius (Plate 90). The ccincfttC b nm reinforced but simply poured 
into timber for 111-work, the curve being achieved by taper mg the piers so 
thjt Simple semin: vbiidricaf arches could be used. To allow tor any possible 
di Herein id settlement of the piers* a sliding joint consisting of two steel 
pi-i res ss incorporated in the crown of each arch, but nv noticeable inuyeincm 
has occurred since the bridge was built. 

Of the variety of metal bridge built to carry railways, die curliest large* 
span types woe beaut structure* made in die form of tubular or plate girders. 
Tin: Britannia rubtilar bridge (107/SLI 542710) built hs the Chester A 
Holyhead Railway across the Mcnai Straits was thu most important of these* 
not merely as a railway structure but os a landmark in die evolution of 



9 » Maa*«ncteie viaduct a* C'rlcnfiniian oil the Malliig tticmim of the Wcit 
Highland Midway. tftijfi 


civil engineering. If market! the first use of die beam principle for a long 
spin, bridge, and it* design md construct! on was ihc culmination of the 
model ex peri tiif til' carried mu hi William Fairbatrn (t 7Sp-1Q74) and their 
translation into usable rlirnrctir.t! terms by t.uon Hadgkinsuii il7fH)-ifif)i). 
Robert Stephenwn. engineer to die Chester & Holyhead, approached 
Fjirb.uiii. -1 JuphuilJer wd engineer of MillwiU. Loudon. as carls av Ap=ril 
1 ^ 4*5 regarding die desirable dupe .if the tubular deck of a wrought-irem 
mtpetnion bnjge lit was proposing. By December of 1S45 Fairbairn. in 
consul tan nil with Hodgkinson, w ho was later appointed Professor of 
Mechanical Principles of Engineering at University College. London, had 
evolved a rectangular wen on beam design, celluLir u the top and bottom 
to rcust any possible collapse through compression or failure through 
tension. Faitbaim advocated the use of the tube* is simple beam structures, 
Miggesoug that chains would be unnecessary one-sonh scale model of 
erne of rite tubes «■« tested 10 destruction before the eventual design was 
arrived at and construction of die Menu bridge and its mullet nrighh m ir 
at Conway (iot'SH ?*777<i) could begin. Conway was built first at the 
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Tubes were smaller an & only liad to Ik raised some i Kit, h proved j u>c in! 
Trial run for die brger-scaJc and much more hjz-irdous operation ,it MeruL 
Borli bridge* consisted of pair of panalfd lubci, each containing a single 
cock At Mcnai Stephenson was able to avoid heavy underwater engineering 
by siting die central pier on the Britannia rock, m the middle of the Struts 
By early 1*46 the working drawings for die piers were wet! advanced, at a 
period when Stephenson wav vxilJ eomidiTiiig ilur uec ot chains The piers 
wcrCi in tact, built considerably higher than the level ot the tube* and the 
holes through their topi for the charm that w ere never used arc a feature of 
the bridge today As at Conway, the tubes were built on shore and floated 
into poriiioii, hydraulic rams being used to elevate them. When all were 
raised, they were riveted, end 10 end to torm a pair of confirm out beams, 
ipj.n ft kmg, Stephenson himself driving the last nvet on 5 March tHjo, 
so completing iht worlds longest span bridge it that tune and aUo r ji 
jfboo.OQOf rhe most costly. The bridge earned main line tr,4 iTlc to jnJ Emm 
Holyhead until July 1970, when a fire in wooden staging inside the tubes, 
resulted in their distortion beyond all hope of repair. Today a iteeharch 
structure sits, far from happily, between the piers, and the most import jui 
single monument of wrought-iron bridge building and early structural 
theory in the world is gone, Conway still survive** however* and, although 
intngtbencil with intermediate piers near each end. illustrates the 
coTHtnicttond icdinkpic. but it ha* neither the diincurious nnt die grandeur 
of the grejt Menai Bridge. 

Slightly later m the iSsos wrought iron was used trir an ingenious railway 
bridite designed by L K. Brunei to cany the hue of the South Wales Railway 
over the Wye at Chepstow (f 16/ST 53994') TJ» two p-ualld main spam, 
of 300ft, consisted of plate girders supported by diaiits from pier* at each 
end, but instead of curving rise chains back to an anchor point on the ground, 
Brunei held the pirn apart by wrought-iron tubes ®ft ill diameter. 1 lie 
tube* could not support tlicifuclvcs over this dhEinre + so they were in turn 
supported from the bridge deck by wr ought-iron A frame*. Brunei v 
Chepstow Bridge was replaced by the present lattice steel wuuurc in r^. 
bui the much mote uapliiiricated design which derived from it still cartio 
1 he old Great Western main line altos* the Tanur from Devon into Cornw all. 

The River Tamar teptwented the most formidable obstacle 10 the 
westward progress of the Corn wall Railway from Plymouth and, as ar 
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MouJ b die cx-ictm^ Admiralty ^tipuLiiiom about clearance fur heights fur 
hipping li.nl > be met to di= letter. Hrunr] was fits 1 ,it SdLr.h with the 
problem ot bridging r.oxrft of tidal water at a height or Tooft- The design 
eventual I} decided upon owed something to Chepstow, but here the tubes 
were elliptic j I in section, arched in profile mi SelC-uipporting. Beside 
wiilutandiitg the inward pull of die suspension chains* they shared wish rhe 
chain* the load of the bridge deck- Each of the spam n of443(1, the com¬ 
posite truss. consisting of tube. Catenary chains, suspender rods and deck, 
being 70ft Jeep n its centre and containing t T 6oo ton* of wrought iron 

The problem of the ecmid pier was solved by using 37ft diameter 
cylinder or caisson— the 'Grear Cylinder'■ weighing a hour joo tons— 
which was lowered vertical tv through die water 2nd mud to rest on rhe 
bed lock of the estuary Hour. The whole end of the cylinder was sealed 
ofl by the use at 211 airtight bulkhead, and in tlm pressurised ipaev die 
foundations of fhr masonry pier were hiidi. This w as die first example of 
die use of a pressurised caisson fur underwater work. Saltish Bridge (Plate 
91) uas opened to traffic by Prince Albert uci 1 May 1S59 but by then Brunei, 
who h id go tie abroad for hit health before dir second span Lid been raised, 
was within n few months of death. He re turned io cross his bridge on a 
couch placed on a thu truck, hjur months later he died and the immpriohs 
on tin; piers of Saltish Bridge, I K. BftUNEL - ENGINEER - 1859 , 
vs ere placed there m hU memory by the grateful djrccton of the Com wall 
Railway. 

By the iSCiOs wToughtHroiL bridges were becoming numerates in die 
main diei utilised fabricated plate T section girders i'of atndl spans and hmicv 
girder, over greater dktaiircv A fmr example of a large wruuglit-irop girder 
bridge 1* to be seen at Runcorn ( too/SJ $09*3 3 ) t where the L & N WR main 
line 10 Liverpool crosses the Mersey [and the Liter Manchester Ship Qnul) 
on three JOS ft spans. The budge was completed in tftftj. At during Cetks 
d nine-spin wrought-iron I,mice girder bridge digued by Sir John Hawk- 
shaw was opened in the following year on the site of Brunei 1 * Hunger tor d 
suspension footbridge, which hat! been acquired by rhe South Eastern Railway 
and JciiiLilnhed. In later years Charing Cre^ Bridge wav w idened to cam 
three further uuckv Wrought-imm ujiueiimr* in combinatiun with cast 
iron, was also used for pi wtic% nf remarkable 2nd elegant lattice girder 
viaducts dial crossed steep valleys at high level. The first of ilteun bush ji 





Brunei’i Royal AJbert Bridge* Saltish, ipmuuig die Tamar between Devon and 
CtAtnsvall 

Crumlin* Monmouthshire. m 1 * 57 * Had tt:n ijoft spans in the form of lattice 
beam* known as Warren m angular girders liter Captain James Warren, 
who. svnh W, T. Manxoni. patented the system in The essence of the 
design ss that no members in the girders are subjected to bending stress, 
only to simple tension and compression. The piers wart made ai casMroii 
col u mm braced laterally and diagonally with svroughw foil tods, giving 
xl\c whole viaduct 4 delicate and ethereal quality which belied us utengtJt. 
Crmnlin Viaduct has been dismantled. ^ have two ot basically similar design 
buili ut 1850 ,11 Debit, WesimorbniL and Deepdale. County Durham. 
Only Meldisn Viaduct in Devon (175/SX built by the Loudon & 

South Western Railway and completed in 1874, survives j . a representative 
of the lattice girdcT and psef type of comsmiction 
The final jnd in some respeos greatest period of rail way bridge budding 
came very laic m ihe evolution of the network and was- port ot 1 move to 
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shorten t-xnnng and often circuitous routes. Tlie last barriers to diner railway 
communication were the great estuaries of the Tay. the Forth and the Severn, 
estuaries which were not to be tackled by die roodkuldm until nearly 4 
century later. The firs! major railway bridge of this type Was completed 
across the Fay in tami in the following year, jv a result of design and 
construction faults, was swept away in s gale with die loss of seventy-five 
lives, ft was a wrought-]mn lamer girder structure like it* successor which 
stands today, the last of the great wrought-ifon bridges and. with a total 
length of 10,711 ft, the longest railway bridge in Britain Tlic present budge 
was designed by W, H. Barlow and opened cm jo June 18K7. [It-side it can 
soil be seen the stump* ot die piers of Buuch\ narrow and spun)lv creation. 
The second Tay Bridge wis she first civil aigmeering work in Britain in 
which an effort was made to calculate and allow for lateral wind pressure. 
It wras designed id resist jtSlb per sq ft, giving a generous margin of safety 
and resulting m a rather icsStd and ungraceful structure. The first estuary to 
be tackled wn the Severn, which was crowed in iwn places. ’I he tint crossing 
was compIciM m i^“!> near Sharpness with -i ivraujjn-ttoii how string 
girder bridge. 4.161*1 long an d earn ing a single track. It wav hardly a trunk 
route bridge, however, bong designed mainly io give access to tin- Fore si 
id I tem coalfield, ami after being struck and badly damaged by a barge 1x1 
*960, tt was subsequently demolished The main eroding of the Severn 
came much lower down the estuary in the form of Britain's longest tunnel, 
opened in the i&Bos. 

The bridging of the Firth of Forth was the grand finale lor die nineteenth- 
century bridge builders It was the largest cantilever bridge m tile world 
when opened in March tfljo, and the first large civil engineering structure 
to be built m mild steel instead of the traditional wrought iron. The scheme 
to bridge the Forth started in earnest in 1873 when the Forth Bridge Com* 
patty, a consortium of the North British, Midland, and Great Northern 
railways, was formed. Thomas Bouch, designer of the first Tay Bridge was 
appointed engineer and work had already started on an ntomtoiis suspension 
bridge when the Tay disaster occurred. Work on the Forth Bridge came to a 
standstill, the suspension bridge scheme wjo dropped and two new engineers. 
Benjamin Baker and Jnlm Fowler, were appointed m place of Iktuch In i88» 
the contract was let for a cantilever bridge based tin three towns nude of 
nit diameter steel tubes rising 361ft above high water. From each rower 
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she Urn ce-b raced cantilevers stretch out towards those of die nest lower, the 
connects™ being nude by two suspended lit tree girder spam. Approach 
spans at cadi end arc of «Hivemksnal lattice girders an tapered gran ire piers. 
The central tower stands on the little id and of Inch Game hut the other rwo 
have concrete bases built m caissons: wrotight-iron caissons 70ft in dkmeter 
were in fact sunk into the clay bed of ihc Firth under cadi of the Sour rubes 
of the towers The Forth Bridge has a total length of 

Jo addition ro the main types there were a nuniher of minor sypes of 
railway bridge in Great Britain. Some were quite numerous blit have now 
gout!, like Brunei's timber viaducts in Devon and Cornwall, of which only 
the masonry piers can be wren here and there Wooden viaducts sdl run 
actoss the Masvddacb estuary south of Barmouth (titi/SH 0^4150) and 
lurther north on due same line at Pcnrliyndeudracth (ti6/SH 619JS4), Cast 
ifaii ( too. was twd as a bridge-building material turprisingly late in the 
railway age. At Ironbridge, Shropshire, die Albert Edward Bridge of tK6] 
is still in use (itS/SJ 66(038): it was designed by John Fowler* later of Forth 
Bridge fame. md cast by the nearby Goalbrookd-de Company- In Derby an 
even later cast-iron arch, of 187^ crosses Fmrgatc ini 'SK 147364). Built 
by the Great Northern Railway, it way cast 111 the Derby foundry o! Andrew 
Handysidc, jnd mehibitipiir fxetUrnte the decorative pGisibth ties of cost iron ; 
die parapet panels and spandrels arr full of floral ornament and also display 
die town s coat of arms, all cair in relief 
Tin: large number of viaducts on British railways red ecu the need for 
well graded, direct routes across undulating country, the same factors diat 
resulted i ts mi many tunnels hi towns, too, viaducts and tunnels art numerous, 
the obvious answer to high land costs. Paradoxically, run tick in particular 
arc nowhere near as common on lines m the moumamoui* areas of Wales 
and Scotland. where die economic itrccndve lor a direct route wu* usually 
low and the topography vo severe that dnftUEous v jlley-Jncited route, 
involving minimum engineering works and therefore minimum expenditure 
were the norm. It must be remembered too that many of the lines m Wiki 
and Scotland were built late in the railway era aftet the fim Hush of 
extravagance had died away. Thus there w only one tunnel in Wales over 
a miles long, at Blaciunz Ffestiniog (*07/SH 6W7505 to 69746$}, and there are 
none at all in Scotland, BritainV major railway munch arc therefore concen¬ 
trated in iliv Pennine and lowland England, cutting through what in many 
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p]«« appear hi be insignificant hills. Kihby Tunnel through the North¬ 
amptonshire upland* has already been mentioned as. an example of a shallow 
depth bore node necessary bv Stephenson* *n inherit gradient requirements. 
Another early Stephen son tunnel, the first railway runnel in the world over a 
mile in length, is at Glen field in Leicestershire {jai/SK 545065 to 561061) 
on the Leicester & Swannington Railway, ojicticd in 1852. |n lunmv single- 
trat i borv i* now dosed. Quite unavoidable, however, was the tunnel under 
the Routine* at Woodhead (102/SK n14999 to SE 156025) between Man¬ 
chester and Sheffield, completed in [ 645 after a 7 year saga of death and 
disease in the working* and the shanty navvy encampment- oil PfkeiUK 
Moor above, Built initially for a single track, ir was later duplicated, and 
then in tlic 19501 replaced altogether by a modem double track tunnel 
pul in to accommodate the i.jooV DC electrification scheme initiated by 
tile London & North Eastern Railway. The stark portals can be seen, however, 
and one <>t die hues is now tilling useful work carrying a power line that 
would otherwise have necessitated unsightly pylons across the moon. 

To the 111dusm.it archaeologist the most obvious evidence of 1 iituicli is 
their ponah and, on the longer bores, their ventilating shafts. Unlike the 
canal builders the railway engineer* used tunnels as .in excuse for architectural 
extravagance, of* winch numerous examples can still be seen The south 
portal of Primrose Hill Tunnel (160/TQ1176643) on the London & Birming¬ 
ham j S mites out of Euston is Jraliaiute in style, while at -S hug borough in 
Staflbrdshirt (j 19/SJ 082216 to 9*8:16} one end of the tunnel is castellated 
and the other Egyptianesque, In the latter case the cosmetic architectural 
treatment, like that of the adjacent bridges, wa> required by the Ear! of 
Lichfield, owner of the estate through which the Imc passed. Two other 
‘fortified' portal* are to be found at Rediiil! (m/SK 496508) on ihc Midland 
nvam luw between Leicester and Derby and at Groutiont {86/NZ S29051) 
on the abandoned alignment of Stephensons Whitby A 1 ’ickcring Railway. 
At Brimhfipe, Yorkshire. the 1 mile mnnrl on the Harrogate liner has an 
ornate castellated north portal <p 6 /$E 256438) which is reproduced on a 
smaller *nle at nearby OtJcy Churchyard (96/SE 202455) as .1 iuemon.il to 
the men killed during its construction. 

Britain's longest railway tunnel came late in the railway era and. like the 
loiigesi bridges, spanned an estuary. Fmsn die 1850s the mouth of the Severn 
had been an Ostade to rail traffic between Sooth Wales and London. 
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which load ro travel via Gloucester, in 1863 the first attempt at 4 dioricr 
route was compfcieJ widi the ripening of the Bmiol &: South Wales Union 
Railway to New Passage (tSi/ST 544864) and a ferry connection 10 f’ort- 
skewett and the South Wd« Railway Little remains of this venture today 
other than the stone Landward section of the original timber parr and the 
flourishing New Passage Hotel At Black rock on she Mmimoudidiirc side 
(l55/ST 514SHT} two bridges and an overgrown cutting jrc all that remain of 
the connection with the main fine. A runnel as the tin a I answer to crossang 
die Severn by rail was devised at early at she taken up by die Great 

Western Railway in 1K72. and eventually completed in iSStt at a cost of more 
than mil I lokv The Severn funnel when completed represented the 

ultimate in the engineers fight against adversity. A natural freshwater nraiu, 
the tireai Spring* wai broken him and the workings were flooded by the 
rivet* delaying operations for about j years. I he Great Spring has had to be 
pumped ever since, initially by steam engines and now by electricity. At 
Sudbrook (1 55/ST S07S74) the huge 29ft shaft di rough which most of the 
Great Spring water k pumped can still be seen* but the stx mperb 7oin 
Cornish beam pumps have been scrapped. 

The design of passenger railway stations presented engineers and architects 
with considerable problems, for they were working in a held where no 
precedents existed. Hie logistics of handling large numbers of people arriving 
and departing simultaneously represented something completely new* and 
demanded .■ particular type of building combining al] tlie basic functions 
m a logical and w ell articulated way Thin the loyauf of stations is [tecuhar 
to the nature of railways die nisei ves ami represents a response 10 a specific 
challenge, hi architectural terms, however, the designers of railway stations 
exhibited less originality, arid, although the great roofs of termini were 
undoubtedly allied closely to the function of the station, the treatment of 
facades, of booking office blocks and of railway holds was frequently 
pedestrian and derivative in die extreme- On the other hand the railway 
companies were responsible for some very good ardiilecture both in targe 
city nations and inn pier rural surroundings, Railway architecture hits become 
a study in itself and railway buddings, which often reflected the rciaqve 
wealth am! desire lor presage of their owners, illustrate In microcosm 11 Liny 
of the essentia In of Victorian ardiitectmal thought. As we have seen, die 
fir>t railw ays required little in the w ay of buddings, but 1% early 1% iSjo the 
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tcrmjm of die Liverpool & Manchester Railway, of which the Manchester 
one still survives, had die essentials of booking office, waiting room* and a 
sheltered platform for die passengers. By the late i»jos the U-shaped 
terminus station that was to become die standard had evolved, with arrival 
and departure platforms linked by a cross platform containing the entrances, 
wailing rooms and offices. An early example, now demolished, was Nine 
Elms, designed by Sir William The, Brunei's Temple Meads, Brwtoi. is 
another, which happily snl[ exists 

Most early termini had one arrival aitd one departure platform, often 
separated by a number of tacks on which empty rolling stock could be 
stored. At traffic increased, the area of sidings m the centre was reduced and 
further platforms added. Tilts happened at Kings Cross (160/TQ 303X31)* 
the Loudon terminus of die Great Northern Railway* which was designed 
by Lewis Cubitc and opened in 1832. King’s Cross is ,1 classic terminus, 
its simple brick facade penetrated by the a relics of the double train shed 
behind expressing so perfectly its 'arrival’ and ’departure’ functions. Cubin\ 
claim that the station would fulfil itself architecturally through the largeness 
of some of its features, its fmic*, for its purpose, and its dunctemdc ex¬ 
pression yf that purpose’ is admirably demonstrated. 

Mud 1 more typical in London and other major provincial termini has 
been the combination of the hotel with the station offices in the transverse 
section oi the U, resulting in the train shed being completely obscured. 
Nowhere is the duality uI function and treatment Utter demonstrated than 
at St Fancras^nSo/TQ 302829}. the terminus built by the Midland Railway 
when it finally gamed access to the capital in the late i W Both components 
of the station are larger than lift; the iron md glass tram shed by W. H, 
Barlow and the Butteries Company is enormous, its span of 240ft then 
Uing rite largest m the world, and in front Sir Gilbert Scott’s romantic red 
bnct Victorian Gothic hour! is, in i B architect’s words 'possibly too good for 
irs purpose’I St I’aucras is sull. happily, an operating station dominating the 
Euston Road, tile ultimate expression of Victorian confidence 3H d the might 
of the rail way;* ^ 

Other London termini incorporating hotels arc Paddington (where 
Philip Hardwick's building of iNj 4 is architecturally interesting a5 n C3r | y 
example of Fretich Rcnaisviiic-.- and Rarixjur influence m England), during 
Cross. Camion Street, Liverpool Street and Marytebooc. Tlte last named 
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where tlicr hutd now provide* the headquarter* tor the Hrithh Railway* 
Board, shows i marked disparity m uzc between rite huge bote! block and 
the miniature station behind ir. Marylebone, ibe ten uu ill* of die last main 
line into Loudon* was Lmili in the larc 1K90S by the Maiirlirsier, Sheffield 
A Lincolnshire Railway* which, ir> celebrate its new-found status, changed 
ns name to tin: Great Ccntnil Railway in TH97, Today Mtaiykbonc only 
handlessuburban traffic. the 11 inn lute to the north ik rough Rugby, Leicester 
ami Nottingham having gone after little more than 6 o yean of life. 

Through stations presented peculiar problems of design, particdarly when, 
as was often die case, die town lay on one aide of the railway . It was con¬ 
sidered undesirable for passenger* 10 have to cross ihe lines, to there was 
sometimn just one lung single pLirfbrm for both up and down tmim, At 
Heading and Slough Brunei built stations of this type, with up and down 
station buildings both on the south side of the line, and at Derby Francis 
Thompson did much the same along the street ude of an immense 1,050ft long 
platform j6}]js). Although there were clearly untw advantage 

111 this type of layout for the passenger?, the operating difficulties were 
considerable, since trains had to cross each others' paths on entering and 
leaving the station Only one survives today in operational (mm* i«r 
Cambridge 4623$}). the GWR staffon* having been rebuilt, and 

chose at Derby, Chester General* Huddersfield and Newcastle having been 
gi ven extra p latfom s s lliu cnpsotf s Cltester stat ion of i S4& (lOQi'Sj 4r 3 669) 
still retains its great facade—over Locofi of vaguely Venetian symmetry tn 
uanc-taced brick punctuated by little towers. I he awning was added later 

Almost every conceivable architectural style can be found somewhere in 
British railway stations. Initially classicism was favoured, is at Huston and 
Birmingham Curzon Street (131 S| J Q&oJi7j), and it later spread to Mudders- 
hdd (1 os /5 E s 44169 ), Monkwearmoutli. Sondcrhmd (7#/ N Z 3 96577) 
and, finest of ill, Newcastle Centra! [78JNZ 24561?], Huddersfield, by j. P. 
Prmrhen, is an example of a station (Plate 9*) planned to be balanced by the 
nine architect's designs in other adjacent building*, ill this cawr the George 
Hotel and Linn Arcade in St George s Square. Similarly at Stoke-on-Trent 
ftio/SJ 8794.56) R. A. Stent matched the second Stoke station with the neo- 
Jacobean North Stafford Hutd on the opposite dde of the square, while in 
Ashhy-dc 4 a-Zouch, Leicestershire (izi/SR J55^l). die frontage of the 
beautiful little Grecian station of 1849 (now disused) was pan of 3 grind 
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designed by J. P. I'titchctt 

plan to develop 3 spa cowil Perhaps the last purely classic! sun on facade 
is that of the also disused Bath Green Park (tttt/SO 745*47). built in tie 
early 1870s as the terminus of die Midland's branch from Mangptifjeld 
flutl ihe Somcisei & Dorset Railway 

Tile Tudor nybippean in Bristol Temple Mods and Shrewsbury 
(llEt/SJ 4 SMi 2 S>) hut is exemplified in its purest form in die Carlisle Citadel 
sntion ot 1847, designed by Sir William Tite and described as Britain's 
now piece of railway architecture in die sixteenth century collegiate style' 
'Jacobean' stations are mainly small, as at Maiden, Essex (i6i/TL 853077) 
rnj Stone, Staffordshire (115,/SJ 85*34*), although an unusually large rail wav 
but! ding in this style is the old General Office of the Bristol & Ex e ter Railway 
beside the approach to Temple Meads station in Bristol (itf/ST 596724) 
completed m i 3 J+ to the designs of S, C. Fripp, The Italian idiom was used 
b> Tite in the late JHjo* on the London it Southampton Railway and the 
original Southampton terminus (1S0/SU 424109) survives intact (sec also 
Gosport station. Plate 93). Campaniles in the vime vein appeared m the 
pumping stations installed by Brunei on hit 'atmospheric' rat] way along the 
wudi Devon com. but only Starcross (i 7 ft/SX s>77«ig}. daring f, 0(n TS , fh 
i* in ;itiy tiling like complete cmuEition, 


From an architectural point of v,ew the stations of rides and larger towns 
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must he considered in the context o f the other public buildings* with which 
iftcu compare well ft is in him 11 town* and villages. however, that 
ran ivav itdutcctiirc realty comes nuo its own, and wheresradom and often 
other railway buildings most frequently teriect the charjoemfces of indi¬ 
vidual companies. Their variety it enormous. bur careful ob&crvaiion of the 
works of a particular railway will soon reveal sinubniio of style and frequent 
use of standardised components. Indeed one of the major contributions made 
by the larger British railway companies was in the development of pre- 
fabricated buildings based on j range of stall da rdited components. Thus 
throughout the territory of die Midland Railway, for example* from St 
hanrras 10 Carlisle and Lincoln to Avonmouth. one may rind signal boxes, 
srairnn waiting rooms* level crossing gates, platform lamps and iwningi fit¬ 
ting into one style. The typical Midland signal box was of unit construction* 
comprising standard amber posts* beams anti panels that could be bush hi 
any dumber of bays, depending on the number of signal and point levers 
in the frame. Waiting rooms, ioo, were of standard design Olid, although 
usually built of brick, included standard components such as floors, barge- 
boards and cast-iron window frame*. Ini cn this field of whai might be allied 
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'vernacular railway architecture’ that much interest lies, and where, as the 
result ol the great reduction in the number of passenger stations over the 
last 10 years, considerable recording and preservation effort is needed. 
Fortunately rail way's have received the attentions of innumerable enthusiastic 
devotees anxious ro record every detail of a particular system, and alt ho ugh 
their efforts have tended to be concentrated mainly on locomotives and 
rolling stock, other aspects of railway opcmiam are receiving incrcaifne 
attention, 

Hil- whole tie! J of operational railway preservation is in nsclf j remark able 
phenomenon, which has resulted in a number of lines being kept running 
after official closure anti others being revived and brought bach into use, 
someth no after many yean of complete dereliction The first line ill the 
country to he jvcJ n miWiavt interest* was the I ilylEyn Kailw.iv, which 
m 1951 had been brought to the point of closure by declining slate traffic 
and road competition, nuili in i Jtfic to mivc date ^uorriev at Bryn Fglwys, 
it was opened fnr goods in the same year and for passengers tn f ftf/j, Today 
the aft Jin gauge line, covering the f,\ mile, from Wharf Station, Tywyn 
(< 37 /SH 5«6qo 5). to Abcnjyiwlwyn 071004). Carnes over 150,000 

passengers each season. Also at Tywyn is a tmrew-gnugc railway museum. 
Otiici operating narrow-gauge railways in Wales include dtc Foilntog, 
running from Porthmadog (itfi/SH 3717114) to Dduallr; the Welshpool 
Ik Llant.nr Light Railway, based at Ltanfair Caenmon, Montgomeryshire 
(117ISJ 10*068): and the Vale of Rbddni, British Rail's only steam-o periled 
line, which rum from Aberystwyth ^izy/SN sHsHjj) to Devil’s Bridge 
(U7/SN 7 J*W) Also m Wales and unique in Butain 1; ihe Snowdon 
Mountain Railway, a aft 7}in gauge rack line that climbs from Llmbcris 
(107/SM 585597} to a height of 5,40?ft Jt was opened in 1896 and operate* 
with o-4-’T inclined boiler Lieu motives of Swiss iiiaiuifumite. 
Standard-gauge preservation scheme* an- widespread throughout the 
country and vary enormously 111 their anus and methods of operation. 
Most are concerned primarily with running steam liH'nttiativci and, although 
ostensibly ’preservation wdnita’, fdW go further ilun preserving locomotive* 
and stock *n original condition, Some, such at the Keighley & Worth Valley, 
based M Haworth fco SE 055575) in the West Riding of Yorkshire, and the 
Bluebell Railway centred on Sheffield Park Station (i#j/TQ 404a37) in 
Sussex, include locomotives and rolling stock painted in non-original liveries. 
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whilst other* like the Pm Valley 5 iaihv.iv at Buckfasilrigh {iSS/SX 746*63 )> 
Devon, and the Severn Valley at Bridgnorth [ijo.'SO 715936), Shropshire, 
maintain locomotive and rolling stock m die colour* of ihrir old gwmo. 
It h perhaps a little regrettable t\uz. despite all this wealth of Interest m 
railway preservation* as yet no line has been retained as .1 living example of 
how it used 10 be operated. with appropriate locomotives, stock, signal and 
tclegtaph equipment W soon. 


16 Ports and Shipping 


Till Indusm.i! Revolution m Urn jin needed good internal transport systems, 
bur equally important was cite provision of facilities tor import and export 
Tin* 'workshop of the world' was dependent nm trade, and by the mid dir of 
tluc nmrtwnth century over 40 per cent of tile entire world output of traded 
manufactured goods were produced in Britain, tine ugh whose pom passed 
over j qitattr* ol total imcniatn mi! trade. Over yo per coil of British exports 
were composed «| manufactured goods, which lompriscd only 7 per cent 
of Imports. At no other tune has one count iy so dominated the world 
economy. First canals mil thru railways pu niimiLtttimers access to the 
cow. where sophisticated pom developed to bundle goods in and out. 
Capital at least equal to that absorbed by canals wax invested in the cem- 
smjcticin of these pom, although it was spread over a longer pernxL 

In I7DO British trade was concentrated vers heavily oil London, which 
handled over Ho per cent of the u nion's imports. 70 per tent of her exports 
atnl no levs than Dll pet cent <d her re-esports. [ >efoc remarked that London 
\utkrd the vittkof trade in this Blunt! to itself, to 1700 also London opened 
to first wet dock' at Rcidtcrlmhe. Previously London, like all other pom, 
had been entirely tidal, with ditps either tying up at wharves and lying 
on the bottom over low tide or mooring in the river and being loaded ami 
unloaded by lighter. The Kothcrhniie wet dock consisted of a basin with 
entrance locks through which ships could pats into an area of water at 
constant level,Therecargocscotildbetransferred safely am)quicklybetween 
diip and shore In Btititd. Britain’s second port after London, ships made their 
way laboriously up the River Avon to tlte wharves of die city, where they 
lay on the bottom over low water. Bristol'4exceptional mW range, which 11 
4ift at Port is! lead near the mouth of the river, meant that a ship m port would 
Ik grounded twice 4 day, awl vessels trading regularly with the city had to 
have specially strengthened hulk, 

It could take as long as 4 month* to turn 4 ship round m Bristol, and many 
had their backs broken while they were rlnve. In t7ti 1 wet dock svas com¬ 
peted low er down the Av.*n ,11 Sea Mills (1 jj/ST 5507605 and, although long 
disused, substantial evidence of u can snil he seen in the fiirui of a masonry 
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wall and entrance lock. Sea Milk never became a real competitor ro Bmiol 
irscliV being too tar away from the commercial centre, and eventually u 
was mad only by wilding ahip^ who*e unwholesome cargos were not 
welcome m (be cat) 

Hie new trading activity of [be eighteenth century, much at ie transoceanic, 
led to rapid growth in oilier west coast pom This growth wj* most dramatic 
tn Liverpool Defoe in 1720 danigbi its expansion 'one of the wondm of 
Britain . . what it may grow ro in time I know not' At i|ic end of the 
uxteenth century there lud been fewer than zoo houses there jetJ the Dee 
estuary, with Chester at in head t rook prominence over the Mersey- By 1700 
Liverpool k population w as between J.oon and 7,000, but it had readied 10,000 
by 1720 and 10,000 by 1750—and caiuis had taut yet connected the town 
wjita the heart of industrial England. Brknd ihv dtnibJed its population m 
the first half of the eighteenth century, reaching 90*000 by 1750, hut then 
growth slackened wdit pon lost ground first to Liverpool and then Glasgow. 
Liverpool's first wet dock wls completed in 1715 and a farther six were 
idded in the succeeding century. 

In Glasgow improvement* in the Clyde were made by John Colborne 
between 1773 and rySi and by the Clyde T™ after iHool and oil the east 
Coast I lull* with if* Baltic trade am! close waterway cotineclioiL'i with the 
Weu Biding, had formed a dock company by 1774 and opened three liner- 
connected Am k » by 1 S2*x Completely new ports were also created p often tor 
specific purpose*, such as axil shipment. Sea ham (S$/NZ 43*495] was rhe 
creation l»1 rhe Marqui w oi Londonderry, who had coal intercsis 111 County 
Durham- On the West toast Maryporr f*i; NY 030365) m Cumberland 
developed tor similar reasons, 

Other new pom were canal-inspired, like Grangemouth (61/NS 925825], 
opened in t777, at die eastern end of die Forth & Clyde Canal, nr Cook 
(9B/SE 745^30), opened in 1^26 at the Plumber end of the Aire & Older 
Navigation 

Between 1753 and 1830 some 370 acres of wet docks were provided m 
England alone. Harbour commits oner* op irmtees were formed at numerous 
places round the coast ro put port finance on a firmer bath and carry mac 
improvement* ru response to the growth of trade- They engaged outstanding 
civil engineers to advise them, including such ill murium names as fiilm 
S mat mi (1 724-92) and John Rennie [1761 1 *21). Rennie alone was involved 
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in over seventy harbour schemes. Nor surprisingly the struggle with tbe 
sea ro provide safe harbourage for dnps tc J to many technologies discover¬ 
ies, indudmg steam dredging, hollow walk and the diving hell Although 
the tost otimprovtments Wiireiiormom H mm of them enjoyed a much longer 
life dun other works of die period, pamaibirfy the canak, which were soon 
to be tinned by railways. Tltcir long-term usdTuIncks, coupled frequently 
with very high MJiutard^ of wcirkmjmhip and aiutcmh. have mum that 
large numbers of port install Attorn have survived to tlii: present. As yet 
relatively hide work hat been done on the industrial archaeology of ports, 
which, with today $ rapid rate of change in shipping techniques and increase 
in vessel sires, aic likely to undergo r idicd alterations in the next few year. 
The i" lem i> re of Bristol \ city dneks in tx\ \ >ur n r copcentnti ng rr .1 rf 1 c at 
Avonmouih cm only be a few years away, and in Liverpool plans arc already 
in Lmd to shut down all doeki south of the Pier Head. 

As an example of j port complex now almotf completely cxttfUr but 
offering much of interest to the industrial arcahcdogisi, the estuary of die 
Lune in Lancashire 1% worthy of exam mat ion. Before the Lite seventeenth 
ecnturv die port of Lancaster eouilned itdf mainly to cornu! crude, but 
shortly alter tyoo the Opportunity was taken of widening its scope to 
mdmks the West Indite. Warehouses were budi in large numbers along 
St Geoigc's Quay (y+.'SD 474621), and several of mid-eighternib century 
date veil I nirvive, their gable ualh complete with wooden Wain crniei 01 
lucatmh which were used for hoisting goods m upper flours Some mer¬ 
chant* tank dwelling Houses of which severii! remain, but the most nouhEc 
rclkttnm of Lancaster's importance as a port in the eighteenth century is the 
fint Custom Ilouv... erected in 17^4 10 the dt -jgn of Richard (hJlow, A 
number of streets running back from ilk- quay area in Cubic Street were kid 
nut around ftoo, with ninto like Antigua Street, Barbados Street and 
Jamaica Street. but these havr long gone, swept nwiy by the railway in 
l®46 

Abo m ille early eighteenth century Sufultrlaud Point {94/SD 420560). 
which Iks between the Lone estuary and Mureiuinbc JHy, was ptomoced 
a% an output I tor ILancaster by Robert Lawion* 1 pemniotrnt lot J uicrdiaut 
Here dupv toy. big to nuke the ditikiih pas&igc up to Lancaster indf could 
moor; a jetty wav built and moderate proqjcrity enjoyed for a few years, 
The village i> little changed today* w ith its two terraces of houses accessible 
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irons Overtoil by * causeway submerged bv die tide twice daily. According 
to 1 eyaid rbc first bale of cotton to reach Lancashire was landed at N under- 
land Point, to begin die industry for which die county was u» become moss 
I a mom. Across the river from Sunderland Point was G bison (94/SQ 
4455 ^ 3 )^ a safer anchorage, which soon took over as the unloading point 
lor cargoes that were then shipped by lighter to Lancaster* In 1751 the port 
eominmionerv placed a chain and mooring scone there, and in 1791 a wet 
dock large enough in accommodjEc riventy-1ivc merchant ships was com¬ 
pleted^ tn 1&26 GI Jason Dork was linked with (he Lancaster Canal* which 
necessitated for construction a f.i Urge inner Ivoin. In .4 patent dtp wjs 
laid down* in lSj6 a grid-iron or frame on which ships could br repaired at 
low water was pur nL and in \S 0 a graving dock was opened. Today 
Glusori is the home only of pleasure cub ami the odd surviving Morcciiiubv 
iUy prawn boats or 1 lobbies', the graving Jock filling with rubbish, and 
die tine fivc-stotey warehouse demolished for car park mg Yet die place 
has in air ol former gforv. and. [ike Lancaster itself, exudes the amosphcre 
iyt a once important port. 

I'lu-rc is little remaining today in Bristol doth* of eigtirccndxcmury 
due With the possible exception of one or ewa ^mall warehouses at the 
south end erf Broad Quay, t he whole harbour, which was tidal until for 
early nineiecndi century, wm eotnpJctd) remodelled by William je»p h 
who i mn i fk d an entrance basm—Cumberland Basin (tfo/Sl 5707 1 $)— 
isith lock gates, and in effect created 3 huge wet dock occupying the whole 
at die bed of the River Avon and its tributary die Fromc for over a mile 
upstream. River water WAidiverted down .1 new specially eXqwvated channel, 
the New Cut. These enormous works were completed in iSop and for a 
time enabled Bristol to compete with the up-and-coming Liverpool As 
thu vijc of ships increased, problems of access along die tortuous 

Avon arose. ^isd JcuopY entrance locks were soon found, to be too small. 

I K Brunei, who had recently brought the Gmt Western Railway into the 
city* was oiled in b\ the Bristol Dock Company 10 carry out improvements, 
which lie completed in J-& 4 &, A nett south entrance lock (ijti/ 5 T 370723)* 
whose dumber can still be seen, wav built for Cumberland Basin, and 
improvements made to the dredging system by the use of a steam-powered 
tabled]anted scraper. Ttic engine oi this boat is preserved m Bristol City 
Museum, where ihere is also a model nf the complete vessel. By die 
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problems of increased shipping iizti arose again and the Port of Bristol 
Authority, the then municipal owner* of ibe docks, undertook to build a 
new and larger north entrance lock, which is in use today, 

Bristol city docks are still in use and contain a wealth of material of 
relevance to the industrial -trchaealogisf- Their life cannot be long, however, 
as die newer docks built after ibjj at the confluence nf the Avon with the 
Bristol Channel— A von mouth and the smaller Pom‘■head —have for 
nearly a century been the focal point* of firittofi port activities. At the 
entranct.’ to Cumberland Basin in the shadow of * modem toad swing- 
bridge b a gruMran, tnsullcd in 18&4 for the repair of small vessels* while 
over the entrance lock and Brunei's now Tirduudknx lock of the 1H4OS arc 
twn wroughuron girder swing bridges. The fust of these, dating from 
1848, wa* uutaJled by Brunei and in thought robe the earliest wrought-iron 
gird a bridge m existence, if not flic first ever constructed. The second bridge* 
built over the new entrance lock in the 1870s, is almost identical. 

Like many ports tn die nineteenth century Bristol used, and to a small 
extent nil! uses, hydraulic power co drive the numerous ancillary installa¬ 
tions like lock gates* cap*urts and cranes. The hydraulic press, consisting of 
a small hand pump and reservoir connected to a hydraulic cylinder and rain, 
had been patented in 1795 by Joseph Bramah and was soon to be widely 
adopted for engineering work and, as modified by Matthew" Murray (17^5- 
18^6) of Leeds, for baling doth. In 1 ftta Bramah proposed the installation 
of hydraulic power mains m a nmmcip.d basis, with -i central generating 
star ion and u^ers paying by meter for tin: fxswer they med. Although ibis 
tar-sight id idea w m not adopted for a further ^5 years, it was iti essence the 
him for numerous dock installations Both Bramah and Murray developed 
hydraulic cramr* but it was the work of William (later Sir William) George 
Armstrong (1810-1900). whose first hydraulic crane was erected in Nw- 
castle in 1846, dm made hydraulic power widely acceptable both in docks 
and elsewhere. Armstrong devised she weight-loaded hydraulic accumulator 
to provide sufficient head* air vessels 10 balance the fluctuation* between 
supply and demand and smooth out pump pulsations, and the hydraulic 
jiggei (consisting of a jack with pulley iheavcs mourned at cadi end) by 
means of which the effective stroke could be multiplied ami excessively long 
jack cylinders obviated. 

The first public hydraulic supply was installed in Hull in 1877, be 
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followed in London by the installations of the Wharves & Warehouse* 
StMm Power & Hydraulic Pressure Company, which in fKS j operated some 
7 mile* of maim on both sides of the Thames, fn the following year tins 
company was absorbed into the London Hydraulic Power Company, which 
by rhe 1930s supplied over S.ooo wpiratc hydraulic imditma through 184 
miles of uniiu, About half this number of machines are at present supplied. 
Else where many of the large public hydrauhc-po\vcr companies have closed, 
in Hull because of war damage, and in Liverpool as recently as 1970 as the 
result of a dwindling consumer demand. The Glasgow and Manchester 
systems have also closed down recently. (An electrically powered hydraulic 
generator pump ts on display, working in the local history gallery of the 
City of Liverpool Museums.} 

By the standards of these ihmtlLitioru. that at Bristol is s mall , supplying 
power only for the port authority » own use. The generating era non is near 
the Cumberland Basin, at the Underfill Yard (jjO/ST 572722), oh etc there 
arc three electrically driven pumps by Fullerton, Hodgart A Barclay of 
Paisley. A bnt'k accumulator tower near the generating station it no longer 
used, but outside is a modern steel tower where the weight can be seen 
falling and rising intermittently as water 1$ taken from the mains and then 
replenished. The system i» used regularly for the older swing bridges of 
Cumberland Basin and die lock gates, A few hydraulic cranes ruay still be 
seen in the dty clocks, but they are now out of use, Prince's Street Bridge 
(i$G/ 5 T 586723), although not nosy hydraulically powered, also has a small 
booster accumulator tower. 

Numerous examples of hydraulically operated machinery can still be 
wai in most pom of any sue, the accumulator tower usually being the 
most obvious due to their existence. Of these, die campanile-style tower 
standing between the entrance locks at Grimsby (io$/TA 281113), Lintoln- 
sliire, must be the most spectacular, Haring from the early 1850s, it is 315ft 
high and was built by the Manchester, Sheffield & Lincolnshire Railway to 
provide a head ibr the hydraulic mains of the port and support a freshwater 
tank tor ships. Jt is not an accumulator lower ut the true sense of the term, 
but an artificial head of water tor the hydraulic mams, consisting of a 
33,000 gallon tank into which water was pumped by a steam engine. The 
enormous cost of providing a rower like that at Grimsby was instrumental 
in the development oi die accumulator proper, m which j lar^c weight is 
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iMiwd oa j piston to create tlicr same sort of pressure. The Grimsby tower 
now serves uliIv as a television relay stariou And for supplying vv»ter to wish 
Jowti the fish pontoon Other towen may he seen in Liverpool ih>cLs aikI 
3 r Glasgow 

Numerous bridges ate soil powered by hydraiilicsH including the 
famous swing bridge' across the Tyne at Newcastle ( 7 §/N 2 iS 5 * 3 ?) 
built b> Armstrong in 1876. and several swing bridges on the Manchester 
Sh»p Canal, including tho Barton Aqueduct and the adjacent road bridge 
(toi/SJ 76697*). The best known of all. Tower Bridge, London (itfo/TQ 
337?toa)p an engineering masterpiece and architectural. absurdity to the 
designs of Horace Junes; architect to the City of London, and John Wolfe 
Barr)", WM opened in T&94. Construction was by Wills am AttoI, with 
HyJrjtilic equipment supplied by Armstrong s of Newcastle. There ire four 
hydraulic engines to each 1*070 ion bascule leaf, and in ordinary working 
only one engine to each leaf is used, the other engines being in gear and 
runmiig idle with water circulating through dnnr cylinders and valves The 
1013r accumulators wclc until recently charged bv a pajr of JuubLotandcm- 
com pound strata engine*, cadi of jtfohp, bin these aic m>w out of use and 
hydraulic supply i> down from the London Hydraulic Power Company * 
mams. Each rawer also has hydraulic lifts giving public access to the high- 
levd pedestrian deck. Visitors may At present see ai] this equipment by 
appomtiuciii, but eventually electric power may he installed or the bridge 
itself demolished in t jvuur of s fixed bridge of higher traffic capacity The 
very improbability of this worldwide tourist attraction justifies its praetva- 
tifln; how appropriate that it should retain its hydraulic equipment rather 
than become still more of a dum, with clcnrie motors or perhaps no power 
at all 

I'he growth of trade through British ports in the carls Years uf the nine- 
ttenth century necessitated .1 completely new approach in the provision of 
port insfall-itioTts, particularly warehousing (Placr 94), foditimidJy qua%- 
sidc wardiouw had Wen relatively small, of up to four storeys, md with 
timber floors supported on timber beams presenting problems of load 
capacity and fire ride, The warehouses in Lancaster, already mentioned, 
typify whit might be called the 'pre-inilustriaf warehouse building. Other 
example* may be seen in ports as far apart as King’s Lynn, Norfolk; Boson, 
Lincolnshire (Elate 95); Bideford and Exeter in Devon {when; appropriately 
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warehouse budding* tomi part of a developing and wide-ranging 
in urn (me museum). One ol the KingV Lynn buildings snodomtUy, cm 
Nelson Street overlooking Mill fleet, provide* a fine example of a new ttw 
lor an old tndustrijl building, for here the granaries have been sensitively 
eon verted into offices. In Pomoy, Banffshire (jo/NJ 589665) a group oi 
miscellaneous harbour buildings have been converted into council heuscs. 

Bristtd also lias a number of curly warehouses of traditional eommioicm, 
alongside other! which represent die mnution 10 A larger scale of port 
building that developed mamly m London and Liverpool, One of these 
transitional warehouses nj. fr It. Bush's tea bond on I'nnec Street (156/ST 
5^6725), overlooking the traditional Iicari of rhe city's harbour At rile 
junction of the Avon and frame. Dating from the 1830s, it is a five-storey 
structure with timber doors supported by catt-iton columns. The boldly 
featured stone menor. with its pm mil tent stung courser and itch-headed 
windows, heralded a more exotic sty le of Bristol warehouse that developed 
.itccr tMo. but in terms of constnictiruul technique nothing marc advanced 
was built m the port uniil the great tobacco bonds of the early ipoos. The 
city docks continued to be provided with relatively small warehouses* 
appropriate to die tiie of ship* trading there, of which a few' classic examples 
survive. Two beside Bathurst Basin (156/ST 587721) exhibit m a restrained 
way the polychrome brickwork And ogee arches which typified large 
numbers of buildings in die Victoria Street area in die third quarter of the 
nnaerctrmh ectuury a. Style which has since become known, with some 
architectural inexactitude, a** Bristol ByxantincL The prize example of die 
style is on Welsh Back (156; ST sH* 7 z 6 )> built m 1869 to the designs of 
two local architects Archibald Ponton atiJ W. V. Gough, It epitomise* 
[totKiol Byzuiline at its most exotic and yet. despite its unusual outside 
appearance* the internal structure i% of conventional timber joists and 
floorboard*, The building is now n ]azz club 

London s early wet docks, like that at Rdthahitlic* hail nu warehousing 
of their own indeed the Rotherhithe Dock had a double tow of poplar 
trees round the basin as a protection against wind, Similarly Brunswick 
Dock. Black walk opened m fTPO. wan chiefly intended for the safe arcomme- 
dation of the Em India Company 5 ships, and she only budding of note was 
the trusting house. Not until the opening of the West India docks m t 8 o 2 
was a system of warehousing provided, solving at once 1 wo major problems— 
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the difficulty of unloading diaj^s id tidal water and, by die provision of a 
Customs wall, die pilfering of cargos, which had been earning merchants 
grave concern. 

The origin* of large-scale port warehousing may hiU be seen, m a some¬ 
what diminished state, in St Katharine Dock, tondon. The purpose of the 
dock Was to provide both an unloading place for ships and quayside ware* 
housing as dose as possible to [he commercial heart of London. The Si 
Katharine Dock Company Act was passed in 1825 for jii enclosed wet dock 
system immediately to tile cist of the Tower (if London (160/TQ jjyfloj}. 
Thomas Telford iva* chief engineer, with Philip Hardwick iJfoa-1870} as 
architect. Tile two major criteria winch Telford and Hardwick find to apply 
in developing the ri-ictc sate were the need to obtain as nineli quayside 
lengtii as possible lor unloading purposes and the provision of the truxjirniim 
amount of warehouse storage space. Room had also to be made for several 
vessels docking together as. unlike today, arrival times were very dependent 
cm the weather. The final design, consisted of two irregularly shaped di^k* 
each linked to -1 smaller entrance bavin, although here the originally intended 
second entrance lock never built. In having ill its warehouses built up 
Ur the water'-. edge. Si Katharine Dock was unique, Normal practice was 
to have an open quay, transit sheds and .. road between the water arid the 
warehouses. The idea at St Katharine's, however, was ns save double handling 
by taking goods straight from flic ship's hold to die appropriate door of die 
warehouse by mean* of overhead cranes. 

The result was .1 magnificent range of sis-wot rv warehouses, aibelike, 
compact and functional, w ith .1 ground floor arcade ofgiam cast-uon Done 
columns and full-height round-headed blank arches embracing the Windows 
above. Mosr were designed by Thomas Tdford but die block on tfie wen 
side faring the Tower liridge approach is by Hardwick Architecturally 
then importance li .in flu comhmjmiti of ui: [inrun function and .i classical 
discipline of design, and they represent mi importanr stage in the develop¬ 
ment of buildings adapted specifically to the large-scale requirements of 
the nineteenth century. Tile constructional technique nf the initial buildings 
was in fact (airly conventional, with timber floors, but the central block, 
added in the late fWsos, had an iron (fame and stone slab floors After 
si! Hen no extensive bomb damage in 1040, after which several of flic ware¬ 
houses were demolished, St Katharine Dock wav eventually closed in 
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October 19*8 and tlie dtr i» l»w the centre for an ambitious redevelopment 
scheme under the auspices of the Greater London Countil which involves 
the retention of most of the surviving buildings and clock area, 

Although London lias always retained in lead as Bril sin's major port, the 
eighteen di and nineteenth centuries saw Liverpool take Bristol’s pi ice as the 
second most import Jilt, with Hull. Glasgow and at the cud of the period, 
Manchester, all overtaking her also. Liverpool'* small duller of wet dock* 
near what is now called the Pier Head formed the basis for the remarkable 
Imtjr development of docks, now exceeding 7 miles in length which is 
illustrated in Fig 31 . The evolution of this dock estate during the nineteenth 
century was influenced by .1 millibar of factors, including (be lured for more 
Joel and warehouse space as tralFit mcrcancd. the building of larger vessels, 
the coming of steamship?, and the fired for greater security, winch led to the 
separation ol the dock area from the city, in much of (hit development the 
central itgttrc was Jesse Hartley, who was dock engineer from 1824 until 
his death in ito and whose indelible stamp still characterises much ol 
Liverpool 1 dockland. I his linear development and need far greater security 
was emphasised bv ihe great wall that Hartley built on the' landward side 
of the dock estate arid alongside which the present (Jock Road runs, 
Entrances were protected by huge sliding gates and towers tbt bvc all 
the appearance of miniature fonifi cations. On tv Stanley Dock, opened in 
itHH. ties outside the wall, but this ww because it formed the link between 
the main dock system and die Leeds A Liverpool Cans!. By the tune of 
Hartley * death die line of Jocks stretched from Canada Dock on the 
northern edge of Liverpool to Brunswick Dock in the south, die latter the 
nm dock to be bmh by Hirtlcv himself 
Undoubtedly Hartley's masterpiece is Albert Dock (roo/SJ 342897), close 
to the traditional heart of the port ami immediately south of tile Pier Head. 
Albert Dock (Plate 9ft) a the logical extension of the principle established in 
St Katharine Dock. London, in the late 18204, but here rite rectangle of open 
water 11 surrounded by at. almost complete wall of warehousing coming 
right U|> to die edge of the H ua>, although Still retaining the arcade with 
cast-trati column* at ground doer level. The columns arc modelled on Greek 
Done prototypes and arc Hollow drums taffc 6in in circumference and tyfr 
high. Encased with walls of brick, die live Hoots of the warehouses are 
supported on iron columns, the space* between them spanned by cast-iron 
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THE GROWTH OF THE LIVERPOOL DOCK SYSTEM 
1760-1960 
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bcansi of inverted-V section tied later dh with wrnughMron tendon rods. 
From ibne beams spring the brick arches of the floors (Plate g?), the whole 
method of construction evolving directly from the pioneer work of Siniri 
and liage in Derbyshire and Shrewsbury at the end of the eighteenth century. 
At Albert Dock, however, even the roof tnroes are of iron, and the roof 
irsclf iv made of wrought-iron plates. Tucked into the north-east comer is 
the Dock Traffic Office. dating, like the warehouses, from the mid-1840s 
hnr m this case designed by Philip 1 fcrdwick, who had collaborated with 
Telford at St Katharine Dock and man while built , triumphal arch at 
Button, Hardwicks design for Tumon ^ems to have influenced him in 
Liverpool, and the Tuscan portico of the Dock Traffic Office, entirely 
constructed m csw-iron. symbolism pat erntflmo- Victorian commercial 
achievement and sclf-conhdettcc. 


4t2 






97 Albert Dock, livcrpool Interior of warehouse showing can-iron column* md 
bcami with brick vaulting 


finmitc* brick at a J iron arc the materials fur the monumcnij .1 mass of 
tfsc Albert Dock warehouses, the ultimate demonstration of the m.intime 
prosperity ot the Port of LiverpooL Todiv they *tmA disused* ships having 
outgrown the dock facilidia. ami mtifti-storcy warehouse having J«t 
ilicir raism J'rfat in a world of containers and forlc 4 ift truck*. Their colossal 
bulk rising above the Mersey Wall prrvenu every planner or would-be 
conservationist with a problem, for while it is easy to save a watermill or 
even j reasonably Mzed railway station, tin supreme mnmimciH* to Victorian 
indi^mal and commercial might have become commercial white elephants 
in areas of high land values. They arc too big to retain and yet their retention 
is coenmal. They eouJd be turned hiro maritime museums or j polytechnic 
— Pierhead Poly has been proposed-^or into oflieo, small workshops, even 
resident] J accommodation. Perhaps a combination of alj of these is the 
anssver „ bur fundamental ro achieving the rig ht solution is die need for just 
a traction of the spirit ol id venture, confidence and imagination that gave 
bitdito Albert Dock over 130 years ago. What J. A. Picton in 1875 described 
34 a hideous pile of naked brickwork 1 in. hri Xfnnmah ef Lwi'fp&ol can now 
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be appreciated -l% otic of the lupreitsc .mJaacoLjgic j t monument* to the nit 
of tiie fin* industry nation. 

Albert Dock, however, i* nor the only dtc of mdium-al ire biological 
significance m the Port of Liverpool Whole areas of the city ate nch in 
dockland udiaculogy. Within die estate ire suing bridges, including cast- 
iron examples designed by Hartley at Albert, Sdltliouscaiul Wapping Docks. 
*and a curious timber footbridge across the eniranee to Canning Dock 
1 iooi'SJ 342899), supposedly by John Ren in r Similarly the warehouses and 
transit duxk* pimctitaris those of the Hartley era, are .dmo*E utuvcriallv of 
a monumental scale and impeccable standard of cotismicriom By contrast 
tmsdi of the private tvarclioming inland from the Dock Road ss mean and 
penny-pinching, Despite ihc Liverpool Warehouse Act of 1843,. which 
introduced reduced premiums for bru & ,mJ iron structures, many were btill 
hunt with timber floors up to [lie latter pan of the ninetccndi century. 
Other worthwhile ^tes include Hartley"5 Victoria Tower (too/SJ 333922), 
completed m [84^ at the entrance to Salisbury Dock (Plate 98) and the 
FloatingLandingStage [lOC/KJ 3379G4) at the Pier Head by G. Fosbrry Lvucr 
and Sir William Cubiti f 1 HTfi) Victoria I ovver. built of the same grey granite 
1* hi 1 other dock works, is unmistakably Hartley, die stone blocks care full) 
dressed and titled together like a jigsaw puzzle. It parties an unusual sbr-fheed 
dock and bell to ring out ivimingi. The Landing Si age* on the other hand* 
is much more utilitarian Built on iron pontoons and originally nearly 
| mile long, it was the place from which Liverpool's transatlantic liners 
departed—Ctumid anti White Star until they moved to Southampton. 
Canadian Pacihc more rctentJy. Now it w only used regularly by the ferries 
and die packet boats 10 ;he Isle of Man. 

Unlike London, Liverpool had no other major function during the 
nineteenth century and first part of die Twentieth than being a port, to die 
down-town part of die ary, tuore so than any other bj Britain, reflects a 
deep involvcincjii with drips and commerce even today. Marine insurance 
offim, shipping company offices, dockside pubs. warehouses and merchants' 
houses arc aO still there, some still thriving but other* in die final *tagr& 
ut dcCa). The S^ilon Home in Giimmg Place (too/Sj 345'>»). (tiring 
originally from the 1*40*. came into rliit U*i category. Externally j fair 
representation of HanKvicL Hall, its can-iron imidc closely resembled an 
American penitentiary. !t has now been demolished. In 3 . healthier irate is 
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the Albany (ioo/SJ 34.090^) 00 Old Hill Srrrei> dating from iH$% and one 
tile ttncit of tIu* Victorian office blocks that grew up immediate! y inland 
from the wateritenn Ji js bui lr round a conn yard that is spanned by a 
delicate aisc-tron bridge reached by a spiral staircase, The yard provide* 
light to the inner offices, at Jo ikyiighn above galleries at cadi side of the 
building. 

The industrial irdbacdogm in dockland his unrivalled opportunities for 
die discovery of obscure and obsolete equipment m addition ro the more 
obvious large-scale installation*. Winches and hand cranes frequently bear 
makers’ names cast inio them* is do iron mooring bollards. Crane* alone 
(Plate 99) are worthy of derailed exanunacton, at almost any which ait not 
electrically powered may be regarded as obsolete. Harwich (150 fVM ifiijzj) 
has vvJiat It probably the aides* crane (Flatr too) in Britain, dated 1 it 
consist* of j fixed wooden house containing a treadmill and a swinging jib 
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100 Trcailiuiit-powertdi Kvciuccnth-ccnturv qujytiJc crane procrv^d m Harwich. 
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mounted on heavy framing at one end and turning; through I So degrees. It 
has been moved from m original site in the original harbour area. Steam 
cranes were introduced about the same rime as Armstrong was experimenting 
With hydraulic power, but few of cither type now survive, A heavy lift steam 
cram- with riveteJ wrcmglit-irtm plate jib dating from the 1870* (15ft/ST 
can be seen in Bristol, and there is a smaller example in Dover. 
Electric cranes, introduced in die rggos, arc now almost universal, although 
the earlier types, like die one at Southampton dated 1893, are becoming 
increasingly scarce. 

To enable ships to navigate coastal water’s safely, lighthouse* have been 
provided from ancient rimes, but it was not until the eighteenth century 
due there was any systematic approach to the design of either die tower or 
the light it carried. John Smcutoii (1724-92}, who built the third Eddystonc 
Lighthouse 14 miles from Plymouth id 175ft, was one of the first to examine 
the civil engineering problems, and hi* dovetailing of the core stone* of die 
tower became a standard technique StucatotM light commurJ in use at the 
Eddy*t<mc uttu! when it wa* decideJ to build a new tower on a 

different part of the reef because die foundation rock was becoming under- 
tinned. SniiMtun 4 lighthouse was then re-erected on Plymouth Hoe (1S7/SX 
47^3JS], where it m.sy stiEJ ! c visited. In Parliament transferred all 
English lighthouse* to the care of Trinity House, while in Scotland the 
Commissioner* for Northern Lighthouse** established in 1786, were 
responsible for a number of notable lights. 


SHIPBUILDING 

During the first ceniiiry or more of industrialisation rn Britain the nariofi's 
trade w as handled by ruling ships that changed relatively liidc in design or 
size. Shipbuilding was an industry steeped in Tradition and slow ro respond 
to ntw requirement* It was no accident that Captain James Cook (1728-79) 
ettcumnavigated the world in whar wxi basically a Whitby collier. This 
was the best type of vessel available to the British Admiralty, to it was used 
for the job. Towards the end of die eighteenth century came a gradual 
move to improve ship design Jed by the French, although Liter the Norrli 
American* took die Ic.ul in merchant ihiphuilding. Despite corucrvatum of 
design .md construetional techniques the British merchant fleet gfew 
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enormously during the eighteenth century, tiie total tonnage rising from 
3?j,ooo tons in t?oo to reach the 1 million ton mart by !7«i. 

There were, however, improvements to individual parts of ships and ro 
the techniques of constructing them. In the 17S0J copper shea thing of the 
wooden hulls 10 prevent attack bv the Teredo ship worm was introduced, 
winie in the early iHoas Sir Marc iiamhatd Brunei, father of I. K. Brunei, 
deigned iiuii'prndticiion machine lor 13tc manufacTurc ot pulley 

blocks (see piSli) 

Although the first steam paddle boat to run commercially, the Court, 
designed by 1 Ivnry Bell ii767-J$3o}, had tin heated the potential of the new 
form i>| power at catly i> tfttri on the (.lytic, it w,ii some years bctufe steam 
navigation had any real impact. In Apnl iSjs the 705 ton .5>irtii< made the 
firbt tr,invarlanu c ctossing iitiunjv h\ using its steam engine, beating Iv j lew 
days the paddle summer Great Wnttm. Designed by |. K. Brand, the Guar 
li Vftrrn wai the fust ship huilr spcdfiolly for the transatlantic trade. She 
wav 2|«ih Jong and weighed 4,000 tons, but the hull was basically of tradi- 
tiorul nmber construction although heivilv smstgdicned with jmti knees 
,ind bolts. Not until t!ic hulls of ships were hiult completely uf iron could 
die potential of the ireain engine be fully realised 

f hi first iron vessel had been launched into i|tc Uivci Severn at Ihrtns 
Etldy below Iron bridge as early it 17&7 Designed uni built by file focal 
1 mu master John Wilkinson {ryiH—ifioJt), it WM no more than a barge, 
probably of similar general appearance and COHsmiction.nl technique to the 
mtd-timer tenth century iron tub boat preserved on the Shropshire Ciiul 
in the BliiO Hill Open Air Museum ftig/SJ G340J4). The demand of [he 
steam engine prompted active investigation of the possibilities of iron hulls 
and this fact, coupled with (he success of Brand's Greet W<sUm in ,Sj* r 
encouraged both her owners and designer to think on a completely new and 
unprecedented scale when planning that next ship. That ship wjts the Guar 
tllc r,fst -propelled ailtiraii merchant ,h [r , 0 enter Atlantic 
service Designed hy Brand, -he was the largest S ln P afloat when Priflcc 
■\lbcrt launched her tn Bristol on to July Unlike most Vessels then and 

imw Great Britain was not built on,, slipway bin m , drydnek that had been 
Specially built to accommodate h a enormous bulk, That dock still exists. 

1 folding mice more the ship to which it gave birth (i <8/ST 578724) After a 
vaned but successful career involving a number ofdSfafftna , 0 oigtqtt and 
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rig* Great Britain ? active life cndi\l m 1 1£6 when she was abandoned a* a 
Ins ilk ih The Falkland Islands Then a century and a tjuaner after her hunch¬ 
ing, she w av returned to Bmtol showing tigni of age but not of any major 
deterioration, a remarkable uMimony to the <kill arid workmanship ot her 
builders The Gfe-U Britain Suitmhip Preservation Project, which raivd 
the money to salvage the shtp. is now actively engaged on her restoration* 
which visitor* to Bristol are welcome to see. 

Although the Gira; Britain m her dock is perhaps the nuwt spectacular 
combination of maritime and shipbuilding archaeology to be found any¬ 
where, there are numerous other remains of significance to the industrial 
archaeologist. Unfortunately shipbuilding tends to produce few lasting 
remains other than die ships themselves, and the adoption of prefabricaiicm 
and welding technique' in an industry that since the Etfios tm been etj an 
ulmost perpetual state of Hux and reorganisation has meant that there is often 
httk ot significance left to wc, There H ample evidence of the products theiii- 
«h'cv however, in tin? form of modeli in museums like Glasgow, Sumirr- 
Lnd s Liverpool Hid Bristol, and in the Science Museum, South Kensington, 
the Maritime Museum At txeter, and the National Maritime Muse tun, 
Greenwich, Other evidence is available in the ianu oi plaits and drafts 
And m the records or Lloyd's. 

Naval shipbuilding has left more to posterity than the merchant ship side 
of the industry. In addition to MMS I ittory at Portsmouth and die ciuiier 
Brlfan in the Pool of London, efforts ire now being made to preserve tin: 
hd! of HMS U or liar* the first British armoured battleship* launched in 
Tflfai and now part of an oil pipeline jetty at Pembroke, The Naval dock¬ 
yards, too, arc rich in important structures relating to both the building of 
diips and thm MEbscx.|Licnt operation. The four dockyards at Pumincmth. 
Chatham, Sheumcss and Plymouth (Devoiijjort) all contain m awn mum 
ot buddings of all periods from die seventeenth century onwards. including 
stores, Jocks, workshops, barrack v foundries rapewalks* dwelling t .md 
ehapcU, Particularly important are the No 53 Boat Store at Chatham 
{171/TQ 765700), built in 1^13 for building and repairing ixien-of-war; the 
cast- juJ wTought-iroii framed boadlousc of 1 Ks H at Shccmcss (17^ fQ 
VEO? 53 ); and the can-iron framed fire station, previously a vtorelumM^ at 
Pom mouth (rSo/SU 650005). The Sheenies* boathouse is one oi die 
earliest known multhsiorey iron-frame buildings, and was designed by 
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Colonel c, T» Greene, Director of Engineering and Architectural Works at 
the Admiralty from t*so io iflt^ It is a ftaine bn I ding, \c the whole siFucrure 
is supported by its frame, md die external walls an- autoload faring panels 
of standardised farm. Ur a ms supporting the floors arc fabricated from 
wrought-iron plate and angle riveted together to form I I girders, the 
earliest known large building in Bnum where this form of color rue non 
occurs.. Since 1960 the Navy lias stopped using Slice-mess Dockyard* but at 
die others access may he obtained by special per mission 

One remaining aspect of die industrial archaeology of ships and shipping 
U, worthy of mention because it as a rapidly developing held offering some 
considerable possibilities for research. Submarine archaeology has forged 
»!ir j ii in recent years with the improvement made in self-contained diving 
apparatus, and although most qf its practitioner* have so fir been largely 
concerned with wrecks, the possibihtics for underwater surveying and 
recording hi the industrial ardtacologicaj field are obvious. Recording and 
excavation underwater can be as accurate and thorough as un land. 2nd the 
information recoverable from the 'closed 71 re" of a well preserved wreck 1* 
often very great. The standards of surveying, recording a [id plotting of 
Jfinds are at a relatively dr memory stage in Britain, but the Committee for 
Nautical Archaeology, founded in 1964, is endeavouring to coordinate and 
systematise the approach ro this new field of research and eliminate some of 
the regrettable umcscmatic exploration of sites that has occurred so tar. 
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In tiki* review of ihr major industries ;mcinpi has been made n> link 
protest jiiJ the stages of their evolution wnh the surviving visual evi¬ 
dence. This has not always been possible, however, with liic result that 
imbalances occur which m noway reflect the relative importance of various 
industrial activities, Thus the chemkil bdusiry, pf enormous and generally 
unrecognised importance throughout the Industrial He volution, has re¬ 
ceived less than its due because the physical remains, or at any rate the 
significant and comprehensible ones. have virtual!j 1 disappeared. The present 
state of mdmrnaJ archaeological knowledge. together with the variability ot 
individual enthusiasms, contributes fo this problem; canals and railways arc 
more inspiring than IcadnJumbcr sulphuric aetd plants, even supposing any 
still exist With rbc sue reaving amount of disciplined and well organised 
work w ithin the field of industrial archaeological recording, however, these 
enthusiast unbalance ate being redressed, particularly as local societies bm!d 
up comprehensive surveys of the whole range of sites within their own areas. 

Numerous industries have not been mentioned m .ill, hut tint does not 
mean to **y that they have no archaeological ignificamc Food pfocesimg, 
clothing, and boor and shoe making are some of the .areas which have been 
neglected but, in rile case of the tatter, a detailed analysis of the industry in 
and around Northampton will reveal through surviving buildings Hie 
Transition from a demesne to a t.icTory-tascd industry m the mid-nineteenth 
century. This change occurred to some extent as a result qf the introduction 
ol Aincncxri-made sewing machines, initially for closing the upprn bur 
later for vale and wrrh sewing. Examples ran be wien in NunlumipieiEi 
Museum. In the 'domestic system the uppers were cut and smelled together 
{closed) at a central premises and then sent out to hand^sewers working 
usually m sheds at the bottom of their gardens. These 'sfiopf can still be 
wxn in many Northamptonshire towns and villages, fly the end of flic nine¬ 
teenth century the processes had all been gathered together itito factories, 
w ith the cutting of the leather (clicking) and closing on the top door where 
there was imwc light jnd the machines were not heavy, luting and attaching 
on the fleer below and at the hot font tin leal her stores arid heavy cutting 
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presses This simple functionalism, with the wort (towing down through 
the building, still exists in some Northampton factories. Thus the physical 
evidence cl buildings and to a lesser extent machine's exist i to illustrate the 
stages in the transition from a cottage nidus try to that ultimate m itud- 
ninctrenth century shoe factories, the Man tie Id building in Campbell Square. 
Northampton (133/SP 755600). To find out why shoes ate made in Nor¬ 
thampton requires evidence of a completely different type. Only a detailed 
analysis nf documentary usurers and a thorough appreciation of a range of 
geographical Acton will build up the picture of coinciding dements—of 
cattle tor leather, perhaps of oak trees providing hark (dr tanning, of agrarian 
unrest and unemployment associated with enclosure- treating the conditiom 
i*>r the growth ot the industry. Northamptonshire tended at first to specialise 
in cheaper shoes, as the rap end of the market was largely the province of 
London-based shoemakers located near their discerning customers. Nor¬ 
thampton* hi re shoemakers prospers! on army contracts, initially for 
Cromwell s New .Model Army, and eventually gaming a virtual monopoly 
of all service footwear. All this, hut particularly the relation of tin physical 
evidence to other sources, b the concent of the imlustn.il archaeologist 

Besides the evidence of its own specific technology, the brewing industry 
affords the industrial rrclutologisi an opportunity tt> examine fenr a nmilim i 
m building design and construction at its purest. In .nidi don the appreciation 
ol the role svliich many 01 the .spectacular stnictiir.il elements, particularly of 
nialtings, play in Itoili urban and rural landscapes is j refined aesthetic ex¬ 
perience tn its own right. Malting as an essential part of the brew mg process 
has been earned on both at the brewery itself or in separate establishments. 
The process consists of encouraging barlry to germinate and thereby change 
its lurch content into sugar, at which stage the ptoccss w arrested in drying 
kilns. Before the development of large-scale breweries, m.tltidg was a local 
and very small-scale activity carried out in almost ever j town. Even *0. 
some had marked concentrations of small malt homes. Marshfield in 
Glouccstcrtluic. for example, had dozens, and the characteristic perforated 
tiles from die drying floors arc common place there. 

The development oflaige-scalc maltings. often separate from the breweries 
themselves, in die second half of die nineteenth century resulted in some of 
the tn chi visually stunuliting and dynamic examples of functional building 
to emerge during the Industrial Revolution. East Anglia and the Ho me 
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Counties areas not no red for rhcir high degree of mdusrmhsation* are rich 
er thHd sophisticated and often beautiful butlLlinyiL The main part of the 
structure usually has three or more floors for the germination process* often 
with floor to ceding heights of only oft or even lev*, with mull rectangular 
windows Imivrcd to serve as vents. Very cy pi tally there are tie irons passing 
through ill l‘ building whose presence is evident on the exterior in rlie form 
of nc plates—huge trusses or divcv of cast iron regular]) iputv.l along the 
facades. Attached are the kilns w ith their tall pyramidal roots jnd cowls. The 
architectural personality of these structures derives from ihc common 
ingredient* of Umetional dements often combineJ with great sire (Plate 
101 ) } so that they make tlidr presence fell ill the landscape in a very positive 
hut honest and unobtrusive sort of way. Often, because of their ratal 
situation, u o difficult to auoditc them with an industrial process ai alii they 
we more an extension of the agricultural tradition of building. 

lThetr extensive floor areas and attractive proper no in have led soinC 
highly successful conversions of disused mailings to new purpose?. Best 
known are flic Snipe, Suffolk, mattings now a hall for the Aldeburgh 
Music Festival (tjy/TM 303375), while in Newmarket j much larger 
mailings n occupied by a rolotu-processing laboratory, flu- ciasthonsc in 
which hop 1 are dried, alto for brewing, is another distinctive structure 
common in Kent but j1 so to be found in Worcestershire and Herefordshire, 

tot Late TimetMiEh-cemury tmlctngs ji Ipswich Doc’l l, Suffolk 
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Cylindrical kilns with their characteristic wind vine cowls ire, generally 
speaking, older ihaii Hie rectangular type; both arc in demand fur con¬ 
version to dwelling*. This ftmcrioml iimpfksty extends, too, to some of the 
older wUkky -dimllcries in Scotland, uf which the main concentration is in 
Strath Spey. The matting process it basically the frame and the characteristic 
cowled pyramidal roof* can Kit] be teen here and there. 

Town breweries also have an architecture ill their own, with pronounced 
tendencies towards simple and symmetrical Georgian proportions ct?n- 
tinning well into rhr second hall ol the mncEcenth century, Extetti.d features 
Typically include docks or clock towers, wither vanes, Jarge lettering pro¬ 
claiming the name ut the firm or the brew and more functional details such 
as t'Riio, nr Jiiriim „ above heading hay* liulEard s Anchor brewery' in 
Notwich (tzfl/TG ^j roRii). dating mainly from the late iS 60 s. has strongly 
emphasised arch-headed windows and doors with iron fra met, while the 
some what later I nicastcr, Yorkshire, brewery of John Smith V (&?!$£ 
4 * 4433 ). with in ontaiUBitU ironwork and spectacular chimney (Hate to*}, 
represents ,\ less common Vic to run omaccness. Youngs lUni Brewery in 
Wandsworth (t70; IQ 256747) is even more remarkable, with its two work¬ 
ing beam engine^ of iStf and 1867, used for driving inching and nulling 
machinery11 well 41 L’oo|Kfn and shops and stables, Hones arc frill 

used regularly for local deliveries. 

These are examples uf industries that make «> visible contribution to 
the urban or rural hiiiupc and ate there tore important not only tor 
I he intrinsic charactetHfics ot their ow'n profc-^'5 but for their role in 
creating ihe personality of an area I he industrial archaeologist in stud L ing 
landscapes is involved in the analysis of their personalities, w hich depends 
licit only on collecting and collating detailed field evidence and icUting it 
to documentary sources luir also on a subtler aesthetic appreciation of the 
components uf that landscape in terms of budding iiutcnds, ot the size and 
dupe of window the pitch of roofs, the depths of mouldings and string 
courses, die design of rainwater goods, the type* of paving and rmA sur¬ 
facing. Here the work of the industrial archaeologist is wedded immutably 
with the field evidence* and only by exhaustive and detailed examination 
of large numbers of structures can he isolate the component* that make up 
the personality of an area. Industrial landscapes, even of the Sale ftinct m tth 
century T possess is much visugL variety, structural and architectural nidi- 
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103 Jtdm Smith's Tidraitcr Brewery, Yorkshire* ilSBj 

vi lIiijJj i y as do drear rural predecessors, in which the regional variations of 
the venuoibr tradition hive long been accepted. The indusirial archaeologist 
tn extracting From die surviving buddings and other feature* of the tandscapc 
the specific characteristic* that in total create its personality it carrying out 
a vital lifcWgtcgkal function, and providing wbai may be the only bad* 
For defining rational cotucrvation policies He can only analyse those 
characteristics after recording in pan staking detail Ijt^c numbers of indi¬ 
vidual structures and comparing the results. Students of vernacular archi¬ 
tect tire have tong used a system of building record cards which enable* a 
bask tabulation of fonimjctitmal details, materials, etc, to be made. The 
technique is as valid for industrial buildings, particularly housing, and the 
results of analysis contribute m the tame way not only to our knowledge! 
of soda) condition* but also to an understanding of die intangible visual 
characteristics of an area. 

The Industrial Revolution was diaracicnsed, we art told, by or? i tommy 
■uid standardisation, by ulenticai nuchme^nodc artefacts that could be 
produced in Urge numbers- This is to a great extent true, and it po&cs a 
peculiar problem of both recording and preservation, it ii particularly 
important to preserve the fy/isrii/, as this represents as closely as possible what 
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comhiion, were re Ally like, but it is only by the most d,lt B cm processes of 
archaeological investigation tint die characteristic* at the typical can be 
isolated. Having defined a rypieal row of pitmens' cottages or silk weavers' 
garrets, the iiiciutrml archaeologist is faced with lire evat grew ter problem 
of justifying their retention fodtut they arc typical, ordinary and everyday. 
Ii u oidv by a detailed knowledge of what those typical characteristics art 
tbai 3 credible cate can be made on industrial archaeological grounds- 

:soiitii Wales David Anderson ami Jeremy Lowe of the Welsh 
School ol Ardntcemre in Cardiff have been able to analyse m detail the 
characteristics ol numerous w orkers' houses, all hough unfortunately 
ilus has oft™ had to be done m advance of or during die demolition of these 
houses. 1 hey have been able to build up a picture, bi*d largely on the 
collection of massive quantities of field evidence, of the evo tun on of house 
tspes, providing an insight into the social conditions ol die area and the 
development of techniques of building construction. Now they are able to 
use tlieir mass of accumulated information as a means of dating, or at least 
establishing j relative chronology, on the basis of field evidence alone. In then 

toy Carpenter,’ Row. Cojlbmokdale. Shropshire. Workers eotraget built , n the 
i79« and now bring reused by the Lrt.iibrkfge t^itge Mu^um Trmt 
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tri&twy Homing Paptn No 5 they examine mo cottages, one in Coed- 
patmacn Jhj tile other in Gclligacr, which they describe as *protoryprv'. 
drawing conclusion* from a wide variety of constructional feat tiro 
tlut Jte compared with other buildings in the area. The absence of begins nv 
the Hoor construction, the provmun of three fireplaces -md the use of wdl 
structure above the lifst Hoof windows they h'C tit one collage a* being 
advjbreiL U >r the hie eighteenth century, but the •limcmion^ particular! y 
"t the span, die extensive use of oat and the heavy complex roof suggest 
ju early dace, probably betorc tSu. They recognise both cottages as rise 
continuation of a much earlier scvcnieeiiEh-ecnmn tradition* Physical and 
documentary evidence combine to pin down the date and their accumulated 
survey information indicates die coexistence in South Wales in about jSio 
ot three forms of Hoor structure—cross-beams alone h eross-bcum and luists, 
and joists jlone r They arc thus able to make observatioiti bawd on the 
I'dlfttinn ot comparative evidence, 4* would the archicolrigbr of any other 
period. 

The industrial archaeologist. then. can have a valid place in both die 
processes of data collection and. imerpmaikui. The sources available to him 
are wide, den landing a disciplined and well organised approach but offering 
in return j vivid insight into die past. Jim variety ot materia] and 
documentary evidence and it* direct relevance to current society a the key 
to die involvement «T w many people in industrial archaeological investi¬ 
gation. md offers in many ways much wider opportunities tor making j 
fruitful contribution than those afforded to the average amateur digging on j 
conventional archaeological excavation. Flic future strength of industrial 
archaeology rots in thu integrated but imer-discipLinary nature of the study, 
drawing its experu^ (rom i wide range ot sources in order ro analyse ill 
the available evidence, Few economic historians would today consider 
writing about industrial sites if they luvc not examined the physical remains, 
w hich is progress in itself but industrial archaeology offers more than adding 
an extra dimemional quality to documentary source material Itiuhe nicer mg 
point of people whose motivating interests range tfoin history to complex 
technologies from geography ot mi rung geology to architecture or rile 
pure unalloyed Aesthetic enjoyment of function. 1 1 budding*, but whose 
common inspiration ti the physical evidence of the Industrial Revolution, 
the material heritage uf onr contemporan cnltute 
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I Gazetteer of Sites 


I lit majority of rfjr m e hstsi in this giicrrrcr izc mm naned us the text and a page 
rcfercntT ti ^vtn with carh entry * where approprule, The gazetteer is arranged under 
aghi regions mi within cadi region die sites arc listed in the order of die dupten 
m rhiis book. TIltr- a no standard form of praenLanan; the infurautioti is ptovided 
in ihe lurni likely ro be most convenient to die reader Tbc gfo^iphii’d d-ciLTiptaoLii 
reter to the old (pre-April 1074) eoimcy and county borough botuiihtth, Map 
numbers refer to the OrtWre Survey tin wna, an index to which appear* an die 
hide cover oi alt Ordnance Survey thflfu, ■Grid refacftta am presented in the 
standard form with die grid letters followed by 4 tin-figure reference. In tome ewes. 
wfsi.rc jjj iE& tidier dun a specific point is referred to, a four-figure re fe r en ce it 
P v ™ indn-atmg the kilometre mjiurt within which die dec corns, 

Sii« mentioned in the gazetteer which do mtf appear in the text are listed at the 
mi <*f thr apprnprult subjection in itaBn 
The eight gazettes legiom are 
t Scotland 

- North Wen England (Cumberland. Westmorland, [ incaahire. Tile his of Man and 
Cheshire] 

3 North East England (Northumberland, Durham and Yorkshire} 

4 The Wot Midlands (Shropshire. Sudmdihirr, HtfdmMlur, WurcEuenhirc, 

Warwickshire] 

J Tl)£ £j,t Midland* (D^byibut, NnitiiiglumJun:. Ltncoltwhirr. Ickntashur, 
Rutland, Nor h ojupl urn hire] 

6 The StiwiJi Eaj*{Htoting±arahire, CutihndgwJwt. Norfolk, Suifollt, Oxfordihirt. 
Uuckiijgliiutihiw, Bedfodihirf, H mfcpUhug , Hm«, iksbhiif. Greater London, 
Hampshire,. Surrey, Sussex and Kent) 

7 Tbt South W«t {CJe^eatmhJw, Somers, Wiitdure, Cornwall, fJevoo, Don«) 

5 Wald 


ACCESS TO SITES 

Mo * ut 'It ten and lilted m the & «ei K(r anf pnTJll? pr0pcrty , 

and although the majority van be viewed from public areas, access to them ii bv 
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oosirtcsy the ttwncn. It riihe be remem herr-cl eIuf in many c.isrs owners jit urn iv ire 
oi the iJi^ilkaJiL-c of their building* or p Ln r Viiiiori ire jiivyed to rrukr prior 
uringemaiE mJ on no account (o regard .uteii *> mhitEurieiliy forthcoming. 
Although win c fens welcome mdividiul vtttion and even pjnii^. odicn Jo not, 
ittil often fur i:±<. nu ^fufery1, jiLtji ! >t I'i-r-m: min to rhdr ittev Rcmcnibcr ?-.vn tlui 
in, fw example, Jcrdii t mining aitrii where public jccoi ti mil rnttkld there nrutv 
lx hidden shifts or workings, Keep j sharp lockout tor these md nn ff oner dcreliet 
mino without guidance from i (oral expert who Jiu pernuumn And knows the sue 
well. 
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419 

Catty Strk r Gfttnwkk 

iri 

TQ 3537*1 


HMS Vtom y, Pmsmmak 

t$t 1 

SV 6/0001 
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BuILuthI'i Brewery, Norwich 

t2A 

TG ij icS$ 

42 ± 

Sttape nullings Suffolk 

*17 

TM jyii 7 i 

4 l| 

Huff A/kfrvwi, SwiOTtutAri, S^fr/ir 


TM 947 * 9 $ 


Dardbrjf w/mr/* BmA, m Alton, timu 

100 

SV 69 tjS 6 


Xtdlttngj , (pjWii/i DM; SwjTpJfr 


TM 1674*7 


AlijfVjr MdfrflljA Efsrx 


TM Jt43t« 
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WIND AND VAT 11 *11 WO 


Chapel AUemm wbdmilk Somerset 

tfr$ 

ST 

* 14*04 

5 * 

High H.a-m Windmill* Somerset 

16 $ 

sr 

4ina$ 

57 

Wiliap windmill* Witi>hsTc 

167 

su 

17«1? 

59 

Whirl! M jrtvEi waIztw lldf !. C-pniwiJI 

185 

sx 

«J+555 

76 

Clave iron water pump, SkunencE 

IW 

ST 

TOift+4 

77 

PtinpD W«mdL Somerset 

ifSA 

ST 

0<JS<M 

77 

Sdrlticf;)[|i salhc worb t Devon 

m 

SX 

*45949 

78 

Tolgu* till f tiraming work*, Cornwall 

1 % 

5W 

«904J& 

7* 


*TEAM AM) ISTEKNAi. LOMtJU AnuJt KMJPO 


Hiwkcshury beam engine, Damtiomh, Devon 

■ Kft 

SX 

*79*1* 

83 

East PVn.il cngtnri* Ombomi-. Cornwall 

1*0 

SW 

45744HS 




& 

<57**i*J 

E0| 

Levant mtot engine Cornwall 

■ JSO 

sw 

J7*J4<5 

tO| 

Crofter) pumping ttatian+ Witn 

167 

su 

a<3*ij 

103 

Underfall Yard workshop*, firircol 

*5<S 

ST 

5737 U 

no 

COAX 





New Riidt Colliery, Somerset 

1 G 6 

ST 

*47*0$ 

130 

Naiisej Colliery engine bouse. Somcnei 

16 J 

ST 

479^91 

m 

IKON AND STBFl 





Sdekkpgidi scythe works. Devo n 

*75 

SX 

<399*0 

%6q 

C? 'fcfwd blmi fuvuici, Giv* 

MP 

so 

*?7?« 


ENGItfUlING 





Underfill Yard workshop*. Brntol 

IJ 6 

ST 

J7I712 
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KCW-E&ilOUS MlTALf 

South Cnjfiy tm mute, Cornwall 
Gcevur tin mine, Cornwall 
Coppcrhousc, ComwiSl 
Calamine oven. Shiphaui, Somerset 

Kf >mhp;in brass milk JwiimeritCE 
Sahtord hum miTU Summer 
Kclict>fl brass niilbp Somcnci 
U'jnxjlc-j* brass worb, m BriuoL 
Uviiiu copper inane, Cornwall 
ftobnmitis Shaft. South Crafty, Cornwall 
Eiiil Psiol oagmcEp CjiubornTp Cornwall 

HolmanS Museum, Camborne, Cornwall 
Nandedri stamps Cornwall 
Tolgtii mi strearm ng work*, Gerawall 
1'nJJy lead workings Smocrsel 
C Jsarterhouse lead workings Sommet 
Smith,ina lliU JlmJ miclttr, Somerset 
Crcwi Hole chimney* ftriut*! 

Devon GftM CoiuoEs Mine, Devon 

b^tallaeh Mint, Com Will 

STOWE, ClAV AND ULA** 
Coftcrcte-tVaims robaeoo warehouse, Urate] 

Seaton concrcTc tiiuJ^c, Drvon 
Wheal Witryn cbyworiu, Cornwall 
Parkamlillack elaywoclc*, Comwal] 

Goonvean dayworkt. f.Vm wall 
Carthew daywork*. Crtfiwill 
Wendron Forge. Cornwall 
Bristol gbu cone 
Harvey t Wine Mtuetien Urutol 
Ain/ifrji ifdrtr mit m LWitrjf 


Stanley Mill. Stroud, Glitf 
■4i™ Mitti Mdmt&wy, Ght 
Dunkirk if rtf, Naikuwth. Gh*± 
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SX 
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SW 
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SW 
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ST 
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20 

t 3 ft 
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2J9 

17 ^ 

sv 
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10 

so 
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TO 

m 

■ST 

01616.9 


40 
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Silr evaporation pjw*li f Lymiiigroii h Hints 

r&Q 

$z 

H 5 W 

Jt74 

Soap factory, Broad PLm, Briitol 

ijft 

ST 

5977a* 

27 6 

U>gwood Mitt* ftcyndiarti* Scm&erwrt 

15S 

ST 

6J&679 

379 

Powder Milk Finn, nr PTmcrtown, Devon 

17J 

ST 

62871Sg 

184 

Powder House, Brniol 

t$6 

ST 

SJTtf* 

zH 

BaiMord paper niilf, Sommer 

rjo 

ST 

790«nl 


Wook ty Hole paper nii]E, Sommes 

165 

ST 

SJI+*> 

2S7 

SkugtuaiWd rag null, Gfas 

i$<* 

ST 

*1973* 

2%J 

Qi] ihdc extraction pkm, KiIve T Somerset 

m 

ST 

*47419 

2% 

F t! MIC lMVltl* 





HLgdtm water pumping itatjpa, Sonwict 

i&J 

ST 

503 (k» 

JLU 4 

Chdvc>' water pumping nation, Somerset 

165 

ST 

47079 

294 

Bristol cleetridty power stittum 

156 

ST 

S947J* 




or 

S9J73S 

JG5 
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AsIuimi Gate toflhoiBcv Bnttol 

ij* 

ST 

57171 ? 

3*4 

Caii-iren irnger post, Bristol 


ST 

iWi* 

325 

Over Bridge, Tiloucester 

141 

SO 

sj-tsfi 

JJO 

Iron bridges over Kennet Ac AVen Canal, Bath 

m 

ST 

7 SWJ 4 

3 J 4 

Imo bridge, Tewksbury, GJoi 

Ml 

SO 

«9JJJ0 

IJ 4 

My the Bridge, Tewkesbury, Gb 

T 4 I 

SO 

*WjJ? 

336 

Victoria Bridge, Bath 

15 ^ 

$T 

741639 

33B 

Clifimi itopmuoti bridge, Braid 

ijtf 

ST 

1 * 47 J 1 


Albert Bridge, SxIlieJi, Cornwall 

t%7 

SX 

4155*7 

jja 

Se-iidti, concrete bndge, Devon 

*77 

SY 

*519<W 

H9 

HcVfcH^ AND CA&Vit 





Combe Hay ]oelu T Somcnes 

t66 

ST 

?4$fo« 

J5I 
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SS 
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Sapperton Tunnel, Glen 
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SO 
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944034 
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Dundis Aqueduct, Monk non Combe, Somerset 
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Old Glyn Pit, Pontypod 
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Abergorki Colliery 
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ST 
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Amlwdx Angbey 

106 

SH 

449914 

iSW 
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SS^tjO 
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SH 
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JUSKt 

39J 
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ifj 

ST 

*07*74 

393 

Tywyn Sutiou, Mcrumetb 

U7 

SH 

5*6005 

39® 

AbcrgyTinlwwi Stmou, Merioneth 

iJT 

SH 

671064 

39S 

Poribimiog Station (Fit). Caernarvon 

II* 

SH 

*70*4 


U^nfdsr CicirtnioTi Sration, Mantgomerr 
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sj 

104064 

3SJS 

Ahm-uwyt]i Station (V of RJ*} # Cardigan 
f J -t v i\ s Budge Surion* Cardcirim 

U7 

SN 


19* 
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MUSEUMS OF INDUSTRY 

The following arc the pmadpal itusieustu bolding mtimrrid technological arni 
irarnport material They arc listed alpfubclirjJly by pLu'r and the cmnn in column 
two refer to rite type of mdustml materia! m fltc colIetTum—flmi 'tnttiW meant 
textile noebder) and to on 

A N STR U 1 HE R [Me) Scortuli fnhenei 

Scofdih Fisheries Museum* 

$e Ay ie*. Harbour head Anitrutber 
Tel: Ammirher 61S 

BA NGOR {Caernarvon) Rai!wlys, date transport 

Fenrtiyn Cutis Locomotive aiu\ 

I mini mat Museum, 

FfErrhyn Caiilc. Bangor 

BEAMISH (County EJurham) Wintry uni wxial history of tile 

North of Errand Open Air Mtocuns, North Eut 
Beamish Hall Stanley, Cotmry Durham 
TeU Stanley [02073] JjSft 

BEAULnU [Hampshire] 

Buckler’s l E.ird Maritime Muicum, 

Buckler'* Hard Btauimu Bn^dkmJrum 
Tel. BueLler 1 * liud ioj 
NaMuful Motor Muicum* 

Fatace House, Betulieti 

Tel: Beaulieu $74 

BIRMINGHAM 

Avery HutoriLal SWueu. Company museum, weighing 

W. & T P Avery Ltd. (appointment preferred) 

Soho Foundry* Banning ham 40 
Teh (021) 1112 


Maritime 


Motor vehicle* 



MUSEUMS ai INDUSTRY 


4 Ji 

MiirfLim of Science & Indinrry, S^kas^c, cii^iiirtHiip,, tfuosport 

Ncwh U Sirccr* Dimiiaglmij Hi iRZ 
Tch fail) iy i ion 

Sarrhi'tr Mill, Cdc B±nk Raid. Wlimnill 

Hill Crftnv, 

(pJninmTL'm! by Osy Muslim A, Art talkiyj 

Td: ( 03 J) 777^11 


BLACKBURN il-mmhuc) 

Lewi* MiwemeejfTVsiik .Mj Jmim. 
Exebmg* Street. Bfyikbuni 
Trh{oi*|} m«i 

BRADFORD 4V-r,rRihire) 

ImimtruE Mute urn , Mourndt Milk, 
M+*pfikk RimJ, llti-kr^hilX RnulforJ 

BRISTOL 

BLiw: CjskIc Homer Museum* 

Hetibnry + lJfiitnl US to “(JS 
Tel { 0172 ) rtiJJTS 
City Mincutu, 

QuctiiV Rt^id, Brusiil lift* iRL 
Tel: (oa7i) *9#77i 
HtrrcyV Wine Museum 
ii IVnmafk Sliret, Brutd 
l a d: (aiT*) J 0164 

C AM WORM L (CaniwilT) 

Kabiiis Muicum, (HhIuuii Bruiheci Ltd;. 

Cambuttur 

School nf Mines Mmetun, Camborne 
CARS MT 

K a I Lanai M use mi ■ nf Wa Lb. 

Calkuyi Park, Ctribif CFi jNP 

Teh (oiii) 1 

Welsh Folk Msj'-uiti, St T-.ili/jhv, 

i ardtfTCFi 

Tef: (cKii) 5611*7 


I fxtiJa 

TtittiieJv eaifilnecirmp,, mrafKin 

Local crjfliv watermill (Stratford Mill) 
Induitry 1 mainly iti mantime, 

tram part 

Company Museum, wine, bmtle* 

Mi.rmii.s- cn^irnTnng T ton! industry 
Mitting engineering 

\\ ekh iruiusrry, mifflUy;, sted, tinplate, 
(flurrying, ihippiljp 

Welsh craft jEniimrirt, 
woollen mill, tititurrv 
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CASTLETOWN (Isle of Mati) 

Nautical Mincum, Bridge Stem* 
CjltEetn^ (adfnirttafercJ by the 

Mjiix Muhtlij 11! 

Malinin?. Stln *>ii£r-#iggfd yacht 

I’iVj 


COM 1WOOKUALE Telford] 


COVENTRY 

Herbert An Ci.tlJrry & Mmtum, 

Jordan Well Coventry CVl %QP 

Tel: (ojwi) iS5SJ 

RollJ frajuporr. ttmJn, jerctiLuitk* 

OUCH (Derby slme) 

Tsttu 


Triinw»y Mliicititi, Maflocfc Ht«A 
Ctkh*nr;r MaiJnck, Dwbyilwe ! >F4 \l>f 
Tel: {077 $**) ii< 5 j 
(Gnd ref: tif SK 3435**) 


DERBY 

Muscum 0 f 1 tiiliFi ei v A I « Inis Aog ^ , 

Silk Mill L^inr, Derby 

L<xjJ imlortay, t^xtiEci, «croii«utio 

ECCLE^ (Lammbuie) 

Memki Hall Miivitm, 

42 Wellington Road, Hah*. 

Ijncashipc Mjo oNP 

Tel: (eftt) 7 «y + 37 * 

N41 mytl * iiL^tjibcv 

EDfNSURCJH 

Roy 4 Scottish Muwriim. 
dij]iil)LT' Si reel. Edinburgh lilli iJF 
Tel: (oji J jij 7J34 

Srinuc. tctaifOTt, 

nbnaurkip mining 

EXETER {Devon) 

tauter Maritime Miikuih, The ijiuy, 
Limr EXi 4AN 

Tcl:(oj9Jl iHim 

Marumi. mjtttJy tailing enfi 


Maritime, numh .talc 



+54 


MUSE L' M b Of INDllSTftY 


GLASGOW 

Art G.alten k Museum* 

KcIvingrOvCf Glasgow Ci 
TrK(tm) Ij+ 1134 

Miiiruni i>f Transport, if Albert Drive, 

Glasgow Si 

Tel: 4-^3 Kocn 

HALIFAX (Ycrbbftf?) 

Biiikliclil Mllvtuxo & An Gallery, 
Akroyd Ibik* HahGx 
Tel: (a+2l) s+^3 
Weil Yorkshire Folk Museum, 

Shihdcii Hall. Shibden. Halifax 
Eel (o+i+) 5i 

HARTLEBUHY (Wccrateabife} 
WfilYciimhire County Mukiieu, 
Harftebury Oido. nr Kiddmtmmtr 
Tel: I'totftcbury 416 

HAlJUEfOOL fCoLmrsr Diirium) 
Miritionc Museum, Northgarc p 
Hartlepool 

HULL (YofWrfre) 

Maritime Museum, Pickmm? Road, 
Ht&lt Kiitptcti upL>ti Mull 

Tel : Mi) 

Tr+mp<7rt A Archaeology Muacutii, 
jA High Srrai. KtngsiLKii uptsi Hull 
rd: (o*tb) =7fiis 

IHONBHII H^ [kt Tdfnd) 

LEICESTER 

Museum of Tcchnotagy* Abbey Lane 
Pumping ttaUoEi, 

Corporation Road- Ldcwfcr 
Td (oS 3 JJ ** 11 * 

RjUw+v Museum* London KoitL 
STonfiygne. Lciteiirr 


Man emir engineer nig 


Transput 


fcaraiti 


Local imluitry, tmtupuri 


Local miluirrv, t irampart 


Mirirtmtf, tidier) 


Mafic Unr 


Transport 


Industry of die East Midland*, transport 


Railway* 



VlUiBUWi tlF INDUSTRY 


455 


LIVERPOOL Uml tfsiiipoit, tusiiiiime 

Merseyside County Museums* 

William Brown Strcetp Liverpool Lj 8EN 


Tel: (,Q 5 iJ 107 oooi 

LLANBEfRIS (Caroiarvon) 

North WaEr* Qairtymii; Museum, 

LI anbeiis 

Td: Llmlwm 6)0 
LONDON 

National Nbndm: Museum* 

Romney Road, Greenwich, 

Loud U11 SElO JjNF 
Tel: {oi) *s n 4 422 
Science Museum, 

Exhibmmi Road, South Kemmcjton, 
London SW 7 iBD 
Tel: ( 01 ) 

MAEDSTONE (Kmc) 

Ty™ hi u-Drake Murcuni of Carriages 
Archbishop- 4 * Stabler Mill Ssm*i, 
Maidstone 
Tdr ( 0622 ) 3441/7 

MANCHESTER 

North Woiffln Museum of Science A' 
Industry, 

97 Groivcticwr Street, 

Majitlinttr M 1 tILF 
Tel: (odi) 273 

HEWt : A STLE-UPON-TV NE 
Museum of Sd-mcc £r lingmcenog> 
Exhibition Patk, Groat North Road, 
Newcastle NEi 4 PZ 

Tel: {ob)i) ^37 
NOTTINGHAM 

Industrial Museum, 

WoHaton Hit!. Courtyard Buildings. 


State quarrying, mm founding* 
cngtripfnng 


Manlimc 


Science,. induSEry 


Cairngn 


Science, industry nf'the North Woi. 
textile* 


EitgUMIlg, rniLTTtsmc, mining 

tramp on 


Local industry. textiles (lace) 


4J6 


MUSEUM* OF ISPL'STHV 


Noniiighitii NGft :.U 

Tel: (oG«l 2B4601 

OXFORD 

Miucuai f.l' ihc Humry of Wiener, 

Old Aihniolcan building, bread Street, 
Oxford OXi jAZ 
Tel: (uS6*] 43997 

READING {Betktbin) 

Miiieutr <»f bisslsih Uutat Life. 
WkiteLnighh Park, Reading JIGG 2AG 

Tel: (0734) 47J 

ST HELENS iLanosJuit] 

Pilttfigian GLiss 

Picjou [Wl r St Hdem WAio iTI 
Tel: f 0744 ) 

SALFOKI> (Uficjsfcrr) 
tacxict Mmeurn* Buik HIE i Pi rk, 

Elh‘I« Otd RojJ, Sdford Mri hGt 
Td: (061) 71® tsjh 

SHLTGBOROUGK 
St*flhrd*hrre Gaunty Mmeimv 
SkigbarmigK Safioiti STi? oXR 
Tel link Haywood, 


STOKE PRIOR (Wotccmmluit) 
Avottcifft Muraim of Bttildhigv 
nr BrOBUpwe, B<Sg 4 ]R 
Tet Hromsgtovc }l$l 

STRLEl (tkrjmattsJ 
CEjtkj Shoe Museum, 

Street 

Tdi [ 045 * 4 ) 3131 , ex; A 235 - 


Scientific iratruiiiriiu 


Farm and craft tevhiu>bgy, ninJ 
imlusrrv 


Company tnusetirn, 
history ofgla^sm^kiii^ 


Coat tfiinin g, local industry 


local industry* transport 


Inland waterway* 


Muse mil of buildings 


Company mtKtttan, footwear 
nunufjuTUff 


STOKi imi'l-lRNE 1 Ni Jr tl>jin r MTuhire) 

Waterway* Museum* nr Tnwcqw 
Tel: Northampton [oft&tl WiUf) 



MLVSEUM& CT* ltfHU3T*V 


45? 


SUND ERLA NI > (County Durham) 

Mpftkwtatmoudt Station Mujcuan* 

North Bridge- Stmt. 

Sunderland 
Tcl:(07*j) 7705 
Pubhc Museum & Art GaJlcry* 

Borough Road. Sunderland SRi iRP 
Tel: («&) 70417 

SWANSEA 

ludisiirtjl Museum of South Wafer, 

Vii torui Road. Swaniea 

SWINDON (WilMdrc) 

Great Western Railway Mioaim. 

Faringdcm Road, Swindon 

Tel (otuj) 17111 

TELFORD (Sitap) 

Bltsw Hi 5 t Open Air Museum 
CoatbrociLiijje Mmenm A' Furnace Sue 
I Tonbridge Gorge Museum Trust. Church 
} till, ImnkiJgr. Ttltoni Salop TFs 7RE 
Tel: (bpi i4S) iJii 

TOW y N {Merioneth} Narrow-gauge railway* 

Narrow Gauge Railway Muicum, 

Wharf Station t Towys 

WEST DEAN {Stipes} Open-air mu^um of buildingi 

Weald A D&wtJaend Open Air Mu sen ns, 

Singleton* Chichtstci 
Teh Liphftok 7*3104 

YORK Railwa>i 

Railway Museum* Qwceu Sired, 

York YOi sHT 
TeL [0904) 5P— 


Restored railway union, local history' 


Marirwif, local indmtty 


Local industry 


Great Worcrn Railway 


Open Air Industrial Msuemii. 
lavtip coil, day. the Iron Bridge 
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ABERGAVENNY & DISTRICT STEAM SOCIETY 
Secretary, 15 Bhj Drive, LknelLen, Abefft-tvciiny, Men 

ABERTAY HISTORICAL SOCIETY IA SECTION 
Secretary; xi Strawberry Bank, Dundee [>D; lUH 

ANTIQUARIAN HOROLOGlCAJL SOCIETY 
Sceietirv: |j Northampton Squire, Clericr owe! I, London ECi 

ASSOCIATION FOR INDUSTRIAL ARCHAEOLOGY 
Secretary. Church Hi N [ron brul jjjc , Telford, Salop TFH "Rt 
Tel 095*243 JSii 

ASSOCIATION OF COUNTY COUNCILS 
Secretary flfia Eaton Squirt, London SWiW yBH 
Tel: or-ijj ji?j 

ASSOCIATION OF DISTRICT COUNCILS 
Secretary; 25 Buckingham Gate, Loudon SWrE ALE 
Tel: Q[-S=a?4ii 

association of metropolitan authorities 

Secretary: jA Old Queen St reet , London SWiU 51JE 
Tel: 0t-9j0t»W( 

BASINGSTOKE (A GROUP 

Chairman it>j M Alive Road, njun^ituLe, Hutu 

BATH A CAMERTON ARCHAEOLOGICAL SOCIETY 
Secretary “At Pultencv Street, Bali 

MATH UNIVERSITY: CENTRE K>K THE STUDY OF THE HISTORY OF 
TECHNOLOGY 

Director: School of Humanities and Social Scienen. 

Cbvcfiori Down, Bath BAi 7AY' 
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HATLEY MUSEUM SOCIETY. IA GROUP 
Secretary: i<» High Cote, Ruidlttttm, Keighley, York* 

BERKSHIRE ARCHAEOLOGICAL SOCIETY IA GROUP 
Secretary: r £ldU*:i Road, Reading RCi |DH 

BIRMINGHAM A; WAR WICK Si URL ARCHAEOLOGICAL SOCIETY: IA 
RESEARCH GROUP 

Secretary: Ucfi .if Induitru! AdnnnBaantJii, Univrmty of Aston m 
Maple H«k, i ji Corpora it. m Sued, fttmungham 4 

BRADFORD ARCHAEOLOGY GROUP. IA SECTION 
Secretary : Bradford l/idtutml Muieum, Moomdc Milk, MoorsiJr 
Raid, Bradford RDj jHP 

BRADFORD UNIVERSITY, [A UNIT 

Secretary" I hr Univemty, Rielnnuttrl kujJ, Brad fold flli? I DP 

BRISTOL IM >U-S TRIAL ARC HAEOLOGICAI SOCIETY (BIAS) 

Scceury: Hunter l Hill, OakfoJd JLuJ. Kcyntham. Briwd US is iJQ 

BRITISH COUNCIL 

Direnot: Ot Divin Street, London WiY rAA 
Td : 01-499 Sot i 

BRITISH LIBRARY BOARD 

Preii Office*: Store Surer. London WCiE ? 1 >G 

Td:0t*Aj6 0755 

BRITISH LIBRARY LENDING DIVISION 
[Luton Spa, WethetBy, Yoekfhitc LSaj 7BQ 
rd:o 9 jt «« 4 U 

BRITISH MUSEUM LIBRARY 

btounubury, London Wt 1 

Tcl:ui-60 ijiJ 

BRITISH MUSEUM NEWSPAPER LlUUARY 
Colin dale Avenue, Lundiwi NVAj 
T el: 01-395 47 **. 
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EiamSH RAILWAYS BOARD 
in Majyldxmc Road, LoiuKin NWi 
fd: cn-162 Xi\z 

BRITISH RECORD SOCIETY 

5ocreur>-: Dept or Hiitaty, 'flic Uptwruty, Kedc. Sutfi 

BRITISH RECORDS ASSOCIATION 

Secretary: The CJnartetfitin*c, Cluitcrii^ttic Secure* Ll : nd on ECi 
Td: Ol^Jj OiK' 

BRITISH SOCIETY FOR THE HISTORY OF SCIENCE 
Am Sttstary: 47 ReLgravc Square. iontfan SWtX kQX 
Tel: 01-235 6 iei 

BRITISH TRANSPORT FILMS 

Me I Fury Hoiuc, Mdbury Terrace* London NWi 

Td: Gi -202 ]2ja 

BRITISH TRANSPORT HISTORICAL RECORDS 
6G PordwUcr Raid London W: 

Tel: 01-2.62 6711 

BRITISH TOURIST ACTTHOR 1 TY 
±39 Morvirbonc Road London NWi %Q l 
Tel: Q 1 - 2 &ZQ 141 

BRUNEI SOCIETY 

Secretary • Brunei Fecbrnnl College. Aihlcrv Down, Bimd BS7 9BU 

BUSINESS ARCHIVES COUNCIL 
Secretary: 63 Queen Vicrom Stmt, London EC4 

CAMBRIDGE SOCIETY FOR IA 

Vececar)" 4 Sprmgfidd R*>ad s Cambridge C»4 r AI 3 

CARNEGIE UNITED KINGDOM TRUST 

Secretary Comdy Pact House, Dunfermline r Fife KYi j rEJ 

Td: OJSJ 2144s 
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CHESTER * DISTRICT EA SOCIETY 

Secretin': Simnywi^ 1 Ash Gpiyc. Lut It Snttoc, Wirral, Cheshire L *6 iPP 
OVTC TRUST 

Director: 17 Carlton House Terrace, tnutm SWi Y jAW 
Tel: 01-0jo 09*4 

CLACKMANNANSHIRE FIELD STUDIES SOCIETY: IA SECTION 
Secretary: 16 Victoria Street, Alloa* CLu.kminiuiuliire 

COMMITTEE POH NAUTICAL ARCHAEOLOGY 

Secretary:The Initinitcot'Archjetdngy. LJmvmity nfLomlan, 31-34 Gordon Sq uat c* 
London WCi 
Tel: oi-j#7 (toj: 

CONSULTATIVE PANEL FOB THE PRESERVATION OF BRITISH TRANS¬ 
PORT RELICS 

Sccirtm 1 : 1J, Ryijcll Kind, London Wl 4 

CORNWALL ARCHAEOLOGICAL SOCIETY: !A SUB-COMMITTEE 
Secretary: *> t.odolpluli Way. NewcpUy 

COUNCIL K IR BRITISH ARCHAEOLOGY 

Director: s St Andrew** Place. Regent'' flnk, London NWi 4LB 

COUNCIL FOR BRITISH ARCHAEOLOGY; GROUP a: IA SECTION 
Secretary: Martflas, Uanafari, AloyitwyA, Cardiganshire 

COUNCIL FOR NAUTICAL ARCHAEOLOGY 

Secretary: hitmitc at Ardiaeology. University of London, 31-34. Gordon Square, 
London WCtH OPY 
Tel: oj-jS? toji 

COUNCIL FOB SMALL INDUS 1 RIES IN RURAL AREAS 
35 Camp Hoad, Wimbledon Comma#. London SW151 

countryside commission 

1 Cam budge Cate. London NWi *JY 
Tel: or-pjj 5531 
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COUNTRYSIDE COMMISSION FOR SCOTLAND 
Pirerttsf: Battle by. Redgu mm F Perth 
Tel: Q?l$ 17921 

CRAFTS ADVISORY COMMITTEE 
Secretary: 12 Waterloo Phec. LwJoo SWi 
I'd: ai-^39 5^* 

CUMBERLAND AND WESTMORLAND ANTIQUARIAN A ARCHAEO¬ 
LOGICAL SOCIETY IA COMM rrm 

Joins M. Divirt-Shtrl. Lilju; Cottage. Like Rwai ikv^ne^'ti-Windcr- 

meft, jud Dr J, D. Marshal L Depinraeni of Hilary, University «f Luittem 

DEPARTMENT OF THE ENVIRONMENT 

Dirci ti^raie of Anient Mcmftrtetm A Htsiork Buildings. 2 Minium Street, Lonoob 
SWtP |EBp Chief Inspector of Andeni Moounifijtti A Htaoric Buildings Hwtres* 
House* ij Savilc Row, LcinJoii WiX z A A 
Td at-734 

,v. ,7,70 Hin^nc Budding Caffliah Njtiorial M : rusiiinm fta-Mr J. Ray*) < airmiiuifii 
on HmuricJ Monunicuii 

DERBYSHIRE ARCHAEOLOGICAL SOCIETY 1A SECTION 
SectKiJul Secretary:+& A Saadjbcd. Lane* Udpcr, Derby 

DEVON IA SURVEY 

ScT-reEJjy'L Djitmgtou Ammitv Research Trust, Centra) Office^ SfamneiY Bridge, 
Dutm^tflii K I n me* 

DEVONSHIRE ASSOCIATION: IA SECTION 
Secretary: t$ Murgaret Park, Hartley Vatc, Plymouth, PL| jRR 

DORSET NATURAL HISTORY Jk ARCHAEOLOGICAL SOCIETY: 1A 
GROUP 

Secretary: Martel Ck>*e; Bcojiiituyite, Dorcbintcr 

DURHAM IA GROUP 

Secretary: 2A Bede Terrac e, Bo^ bum, Durham 

DURHAM UNIVERSITY GROUP FOR lA 
Secretary■ Dunrltn House- New Llvct* Durham 
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EAST LOTHIAN ANTIQUARIAN & FIELD NATURALISTS SOCIETY 
Secretary Hadley Court, Sidegare. } Lddmgton 

EAST RIDING AGRICULTURAL MACHINERY PRESERVATION SOCIETY 
Secretary. Louvain, Rowley Road, Link WeighetOT* HuJJ 

EAST YORKSHIRE LOCAL HISTORY SOCIETY 
Scetnirv. Piircv Cusi Chjiishen. York* Y'Qt 5 EJ 

ENFIELD ARCHAEOLOGICAL SOCIETY 
Him Secretary Uvelik RdttL Untie Id, Middle*:* 

ENGLISH LAKES COUNTIES TOURIST BOARD 
Ellcrihwane. Windermere* Westmorland 
Tel: Windermere 4W 

ENGLISH TOURIST BOARD 
4 Grosvenor Gardens London* SWiW oDU 
Teh 01-710 3400 

EUROPEAN ARCHITECTURAL HERITAGE YEAR. 1^75 

(United Kingdiim Serreuriii) 

it Carlton Home Terraix, Locukd H SWiY 5AW 

Tel. oi-yjo c«>l4 

EXETER JA GROUP 

Secretary: j Elmgrovc Rm d T Yupdiiim, Exeter, EX 3 oEQ 

FAVERSliAM SOCIETY 

Secretirv: 41 Newton Road- Favenham* Kent 

FIELD STUDIES COUNCIL 
V Devrretnt Caurr. Lotukm WCt 

FINCH FOUNDRY TRUST 

Secretary SutltkpatK Okchampron^ l>cvofi 

FORFAR A DISTRICT HISTORICAL SOCIETY 
Sctrnary: 7 Wylbe Srreer, Forfar 


INOUSTMtAl AKCilAlrol.Ot.rEIA1 ORGANISATIONS 

GEORGIAN GROUP 

Semiwy; a Chester Street. Ltmdi'n, $WiX ?BR 
Teh 0I-2J5 j&lsr 

GLOUCESTERSHIRE SOCIETY FOR IA 
Seoetwy: ft A 7 Montpelier Street. Cfaelreatum 

’GREAT BRITAIN’ PROJECT 

The Kntish Cciitic, Quality Hmisc, Quality Court. Chancery Line. L^niTm W( : 
(anJ Great Wntem tVuL. Brutal}. Concerned with SS tTnvtf Britain. 

GREATER LONDON IA SOCIETY (GLlAS) 

Seoetary: fei St, [Wi Road. Croydon, Surrey, CRo iHS 

(CALOUSTE) GULRENK 1 AN FOUNDATION 
United Kingdom and Hmuh (..Mntitdtiwciltb Brand: 

Director; 9& Pun Lind Pl»c, London, WtN aET 
Tel; Cl*4j6 JJIJ-7 

HAMPSHIRE FIELD CLUB A ARCHAEOLOGICAL SOCIETY 
Secretary: Dept of Arebenlogy, Univerary ofScrudumptou, SOj 5NH 

HIGHLANDS &- ISLANDS DEVELOPMENT BOARD 
Rndgc Home, Rank Street, Inverness 
Teh&tAj HOI 

HISTORIC AIRCRAFT PRESERVATION SOCIETY 

Secret ary: 7 Baker Street. London Wt 

HISTORIC BUILDINGS BUREAU 
Carton Home, To thill Street, London, SWi 

HISTORIC BUILDINGS COUNCIL (ENGL AND) 

Secretary: Queen Aune't Manu.im, Qureu Atmc’i Gate, London, yWi 

HISTORIC BUILDINGS COUNCIL (SCOTLAND) 

Secretary: n Hill Street, Edinburgh 1 

HISTORIC BUILDINGS COUNCIL (WALES) 

Secretary Welsh Office. Summit Home, Winder Plate. Cardiff CD jflQ 
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HISTORIC COMMERCIAL VEHICLE CLUB 
i Pcmbiiry 11 uixiC| Abtav f^rt, Iki-kenluits, Kent 
Tel: qi- 6 $q 

HISTORICAL ASSOCIATION 

Secretary: ftp A Kenmnj/twi Park \luud Y London Stn 4 JH 

Tel: 0T-7JJ 390T 

HKTaRJCAL METALLURGY SOCIETY 

Scaseiarv. Dept al E£4>imink Hui^n, The Uiiivereuy. Stanfield, Sie> jTN 
HISTORICAL MODEL RAH WAV SOCIETY 

Scercmry; 1 S Ikvrrlcv CMjitan,t» (imt Woodley. Rguttcy. I biupuhjn^ SO5 fcTA 

HUDDERSFIELD IA SOCIETV 

Seetttafy 119 Oniumi AMK h Dilu^ HmldectfrcU 

INDUSTRIAL STEAM PRESERVATION GROUP 
Quantum: ijr. Mihcf Clofe, Hitnslri Gtiitge, Urdi ro 

INLAND WATERWAYS ASSOCIATION 

^artery C*ciicr«il Qrfbr, (t* RegmtMfwlt Roid t Landon* N^ 1 
Trh u-r-jfcfK z$jfi 9 aito 

I NLA NT* WA ILK WAYS PROTECTION SOCIETY 

^-ktci.ifv < * -T L -d i-, l irrk L:r l .uir. HcihnrtHH* ShrrtaSd, M ^ jSH 

Tefctthptur 17742 nM|l: 

INSTITUTE OE ARCHAEOLOGY 

Secretary ft, Hcgmnr Un i venire ot Latpdon. jf-14 (tardou 'insure. Loud an, 

m: m ory 

Td: 01-3K7 ftojj 


INSTITUTE OF CHEMICAL ENGINEERS 
Gm Secrauy ■ t* ftdgnw SiRur*, Lundim, SM 1 


INSTITUTE OF MARINE ENGINEERS 

Smmtty Memorial U mil 1 ting, 7^ Muk Lrac, Louden, EC) 
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institute of patentees a. inventors 

Secretary: z&r-* Abbey House* Victoria Screen London. SWt 

INSTITUTE OF QUARRYING 
Secretary: 6w Raker Street. Londtm. Wi 

iNsrmrrE of transport 

Setreurv: 80 PunljuJ Plate* tandois H W i 

INSTITUTION OF CIVIL ENGINEERS 

Secretary: Great George 5 irrei p London, SWs 

Find fin Fliiuanc Engineering Woefa (PHEW): address above 

INSTITUTION OF ELECTRICAL ENGINEERS 
Secretary: Savoy Place. London, WO 

institution of highway engineers 

Secretiry 14 Queen Anise \ CLite, London, SW1 

INSTITUTION OF MECHANICAL ENGINEERS 
Secretary1 E EktJrjgc Walk, London. SWl 

INSTITUTION OF MINING A METALLURGY 
vewarv 44 Portland Place. Loudon. Wi 

INSTITUTION OF MINING engineers 
S eercTarj. ; Grtnvenof Cfraxai, Lofidmi, SWi 

INSTITUTION OF PLANT ENGINEERS 
Secretary: 13k Btltktnglmtt Palace TUud, London, SWi 

INSTITUTION OF PRODUCTION ENGINEERS 
Scacnty: to Chcwerficld Street, London. Wi 

INSTITUTION OF STRUCTURAL ENGINEERS 
Secretary: it Upper Hdgnw Street, Lmden* $Wt 
Hiimno! Group, Sccmatf\ ailditsi m above 

INSTITUTION OF WATER ENGINEERS 
Secretary: 6 -S Saekvilfc Street, loodun* W 1 
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INTERNATIONAL COUNCIL or MUSEUMS 
(HrttnSi National Committee) 

Secretary: Science Muttum, London, SW7 
Tel: ot-jtlti 6171 

INTERNATIONAL INSTU UTE FOR CONSERVATION OF HISTORIC ANI> 
ARTISTIC WORKS 

Secretary General: flos Grand RiuliJmgi, Tfafaljpw Square, London, SC;N <HN 
let' Ol-Sji? $97$ 

HUSH SOCIETY FOR 1 A 

Secretary: 44 l.altrlajnk Clme, BUckitiLk. C- Dublin 

IRON a STEEL INSTITUTE 

Secretary 4 Gnmmnr (rifdettt, London, SWi 

IRONBRfDGE GORGE MUSEUM TRUST 

Director: C tuir cli Hill, IrotiLridge, Telford, SEiropsWc, TF« 7RE 

ISl.t OF MAN NATURAL HISTORY A ANTIQUARIAN SOCIETY FIELD 
SECTION; IA GROUT* 

Scottuy: tjn Manx Miwmt Dough*, IOM 

ISLE OF MAN TOURIST BOARD 
M Victoria Street, Dwight, IOM 
Tet' 0614 4juj 

KINGSTON POLYTECHNIC tA SOCIETY 

Secretary K mgjti m Polytechnic, Penriyn Hoad, KmjpfiHwipnttTlnoKi, Surrey 

KIRKCALDY NATURALISTS' SOCIETY 
Seetwwy: 55 King Street, Kirkcaldy, Fife 

LANCASHIRE & CHESHIRE ANTIQUARIAN SOCIETY 
Sfletcuty; cfo The Portico Libory, Mmlrv Si reef, Minilifsier. Mi |HY 

LEICESTERSHIRE INDUSTRIAL HISTORY SOCIETY 

Secretary ; 'Three Gable/, Queen Street, M jrkhelii, Lcidcffia 
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LIBRARY ASSOCIATION 

Secrtury; t RHgmunm Street, Ltmdnvru SCtE -At 

Tel: 7J43 

LINCOLNSHIRE LOC.A 1 HISTORY SOCIETY: IA GROUP 
SccTcyn ; Mineral of Uncolmiiirc Life. Bnrnta Road.. Lincoln 

MAIDSTONE AREA IA GROUP 

Scvrcuiyi M H erm i tag? Lane, Banning, Matiiiiftttc 

MANCHESTER REGION IA SOCIETY 

Secretary:: Nnnh-Watem Mintum ofSoenct and Technology k Grotvenor Street. 
Matndinier, Mi ;?HF 

MARITIME TRUST 

Diiecitir jj Davio Street. Lgtulmii WiY tEH 

(WILLIAMI MORRIS SOCIETY 
Sedetun 5 ; 25 Lawn Cfchchi. Kew% Surm- 

MUSEUMS ASSOCIATION 

Sen cun' *7 Cfuikrtie Si reef, Lotidtm* WiP jlRX 

Tel: Qi-tfjH 4 *tQQ 

NATIONAL CENTRAL LIBRARY 
Librartm A Secretary >s n-rc Stmt* Lnndtm. WCi 
Tel: oi~ 6 jft cr? 5 $ 

N ATION Ai COUNCIL ON INLAND TRANSPORT 
Secresan City Road* London^ ECt 
Td‘ Ol-dlj? 4 > 

NATIONAL FILM ARCHIVE 
S i Dean Sntrcr K London. Wi V ftAA 

NATIONAL HERITAGE THE MUSEUM ACTION MOVEMENT 
Secretary: iai Gicat Suffolk Street, London, SE1 
Tel; 01-407 741™ 
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NATIONAL LENDING LIBRARY FOR SCIENCE & TECHNOLOGY 
Pmlon Sjij, Y(i(ksliir( 

NATIONAL MON UMENTS RECORD (INCLUDING NATIONAL BUILDING 
RECORD) 

Curator: EntOn* H-use. Si vile Row. L.tndnij, WtX iAU 
Tel: 01-7*1 Alio 

NATIONAL RECORD OF INDUSTRIAL MONUMENTS 
Uwvtrtity of liaih. Ctivcrron Down, Bath, Somerset 

NATIONAL REFERENf.!- LIBRARY OF SCIENCE A INVENTION 
Boyswurr Ditision, to Portion* Curderu, London, Wi 
Tel: oi*7i? joii 

Holbom Divninn, ij Southampton Buildings, UnJiui, WO; 

Tel: 01-403 87*1 

NATIONAL REGISTER OF ARCHIVES 

Qtutiiv Hone. Quality Coon, Cluaetrv l me, London, WCi 

Tel: oi-ip j;oj 

NATIONAL TRUST 

1- Quwn Aiutc't Gate. London, SWrII yAS 

Tel: oi-gjoojii 

NATIONAL TRUST FOR SCOTLAND 
i CWlnire Square, Edinburgh, EIL *DU 
Td; 911-245 ;,s 4 

NEWCOMEN StX’lETY FOR THE STUDY Ol THE HISTORY OF ENGIN¬ 
EERING AND TECHNOLOGY 
SctTMary ■ Science Museum, London, SW7 
Tel: oi-jKy i79j 

NEWCOMEN SOCIETY 
MiJIimli Utffldi 

Hon Secncury: 147 Whirlowdale Road, Sbcd&U, 

Tel: 0743-507960 
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NORFOLK IA STUDY GROUP 
Secretary: 3 Mill Comer, Mingham, NOR 23X 

NORTHAMPTONSHIRE IA GROW 
Secretary: tf Mayfield Roirl. Nbrtknplm, NNi aRE 

NORTHERN CAVERN A MINT RESEARCH SOCIETY 
Secretary: jj Glcdhow Avenue, Roundhay, Leeds, LjH tLD 

NORTHERN MILL ENGINE SOCIETY 
Secretary : ftrocklebank Road. Rtvhilale, Lancashire 

NORTH EAST 1 A SOCIETY 

Secretary; BcJe Terrace, UowRuxn. Durham, DHft }J)T 
NORTH WEST TOURIST HOARD 

TI9 The fe, Piccadilly RLaa, Piccadilly, Manchester, Mi 4AN 
Tel: O&l : jf> 0393 

NORTH-WESTEflN SOCIETY TOR LA * HISTORY 

Secretary: Meneyiidc Courui Mioeottl, William Br<nv n Srerei. Ltvcrjrod. Lj SEN 
NORTII UMBRIA TOURIST BOARD 

Prudential Building, J 4 &1 jo Pilgrim Street, Nrwc»ifcHipon-I y«e, NEi oTH 
Tel. oAji 

PEAK DISTRICT MINES HISTORICAL SOCIETY 
Secretary; Rivrrdalc Farm, Coombi Road, Hakru.cU, Derbyshire 

PEMBROKESHIRE COUNTY MUSEUM, FRIENDS OF: IA GROUP 
Secretary: The Pcnbroknhirc County Mukuhi, Tlir Cwtle. HintMiw, 
Pcmbtokelhirc 

PILGRIM TRUST 

Secretary: Ftddeu Home, Lirtlc College Street, London, SWiP jSH 
Teh 01-839 

POOLE (W£A) !A GROUP 

Secretary: j8 Parkin** Avenue, Parka**, P.>ole, Doner, BH14 qLR 
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PORTSMOUTH POLYTECHNIC: IA SOCIETY 
Sctfetjr>-: m High Sited, Pommntiih, POi jHL 

PUBLIC RECORD OFFICE 

Keeper uf Public Record t; Chancery Lane, London WO 
Tc!: ai-+oj 0741 


RAILWAY ^ CANAL HISTORICAL SOCIETY 
SccTeury-r ,* Sutton Road, WyUe Ore™. Simon CoUlirU 

REDD1TCH IA SOCIETY 

5 ecrefafy : 127 Bfimmiiu Rod, Bnunieville. Birmingham 

RICKMANS WORTH HISTORICAL SOCIETY 
Secrttafy .Ao Ihf Queens Dtivr, Rickmaiisworfh, Herts 


ROCHDALE SOCIETY FOR STUDY OF HISTORY OF INDUSTRY & 

technology 

Secretary; Hathrid, Athfkid Valley, Rochdale, Lina 

ROYAL AERONAUTICAL SOCIETY 
Secretary 4 Hamilton place, London, Wi 

ROY.U COMMISSION ON HISTORICAL MANUSCRIPTS 
Secretary: Quality House, Qualify Court, Chancery Lane, London, WCa 
Tel OI-J 4 ’ 19# | 

ROYAL COMMISSION ON HISTORICAL MONUMENTS (ENGLAND) 
Secretary: Fonrctt House. r,l Savile Row, London, W|X r AB 
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RLcJwrdsi. J. M. ii’u- fiiHfihivut Tradition In Early trtdmtria' Building.* (Arehircettird 
Pren, 1reprinted tytiS) 

lllonm. J. '/V flue Lif krr £^rdjAiir i^flfenVj j Adairn Ar LXljt, Bath. 1971) 


TrAfik/ 

Baines. £. Hiriapy oj r/re Gha'h Afora^am^r i>r Cnvjr frrjWn (: ■: j j; reprinted, Cm, 

1966 ) 

Eiuehoff, J. A Gcmpwhtniivt HisMry of ihc Wovlkn W Wursifd Mattufanurr fliS+a; 
rcpnnicd CaiJ, i&fo] 
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Ciwpmnn, S* D. TV fatly P*wf Mastm (David & duties Nrwimj Abbot* 1967) 
llh! development of the faaofv-butd textile industry of dir East MidLmdi 

EngJun. W, l hr Ttxtih Industry I Longman* ryGo). An at t aunt ot ihr evolution • ■ r 

tcstik- manufacture in 13 n 114111 

flilln. K, L. A>ijyr 211 dif jRi d-nJfijj tl'^j jXialurhnfcr Uflivmkv pjp>^ 1970),. 

Concerned pifUEidatly with tbr me of [Ktwer m the kxtdc lndmtn 

Mxntwvt. V. 7 IV fndniiiiJ & wluttpn e>i tfo Bgfof<rtth Cnuuty [ ■ censed edition» 

Ca,p?|. t J )■ Pa yi particular Attention I o the jn lc of die trxliJc ici diiatry EH rhe 

Jndmtmi Revel Liiinn 

TV Cht'wtidi Industries 

Campbell, W A lhr Clttmtal (L^i^cLin, iy-j), Ikvwwi dir whole r^ugr 

oicUcmuJ tEOEiuhtlurm^ pirticuLrly durwr the ranrlcetuh century 

Claw, A. and N* L. I hi CVnifae/ (EtateWovth, 105^}, A i^iietJ work 

an the rote iil the dirmicU hi dm try eh th? brooder piwftuci of mi Iniimli'-iTipii 

Baber, 1. 1. Ih, r h htdifftry during th-- \ r inrttmlh Crnfwy (Oxford Univemry 

tet, t 0 

Hirdir. D. W. f lEksi Pratt. J. J 5 , ,-i ffpjfpry tkf Modern British Cfwraiftf/ Industry 
(PngiUHcm, Tin 1 development of chemical pracctK* tram dir beginning of 

(Jke Lnduuml Revolution to the pmcnc t Including hrn:f account* of important 
ciirtiiiral tmuii and iradr aisocutniiEs 

MialJ^ S. Hitfi'iy nf tltf Hrttiih Chrmital Industry (limn, roi 1) 

T S. ,i Hilary nj (rtdmmitl Chnmstry, nv.i volume* [ Becnei 0 .ieli] t 1957). 
C^ven the rk nf chemical mdiumo tip to &7S0 in vnhwic 1 inJ through the 
nineteen ib i:;nrury to today m volume z 

Futo Utili tie s 

l^rtr. . B. and C allium* J. t. P flrffijli J atunniy SriU'Ofk\ f Light Railway 
r rampart League. London, 190a), Review* i V ^owth and decline of the urc« 
tramway in. Dritahi 

Diiiidieidi, P. A mttrny ffahef, f ^i} 

J V. Tir jLrffiv Box (Ctfiuur. Sh^^. 1989). A (temted hutory or‘I=nrt- 
b«»f« iuil ibm Jnign 

O'IVj. W. r ril' v ,i*f /fiu,vy iRiimlciiifc. nj^a) 

SttWini. E. C Twn < 1 . (Scinur M. JWlm( L™Jnn 1 A bnrl ic ,:ouuJ of d)= 

inrn*ji4ctin9i of town 

OiA*/ BllijfffJ 

Bcckfir, T). Bridjin to Gf«t tWilin^ of the WorfJ Scn« {Hjidyn. 19^). A gmcnl 
hungry of bridge building 
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Bird, A, & LVfr-iEiA.i (Longman, ipGfl). Concerned nuinly with vehicle* rjflker 
flui 1 road development 

Copland, J, fl-W* md Thnr Trafpr, Jja (Davk) A Charles, Newton Abbot* 

rsjrttt) 

Hopkins* H. J. A Span of Bridget (Hivid A: Charles, Newton Abbot. 1970). An en¬ 
gineering bbeory of I he bridge 

Jackman* Vt. T JTrr DfVtkpMirnt tif TrmjpotiaiUtl m Modem Eqtffrvd {rgitf; reprinted, 
Cjsj, lp&a}. Despite in age, J^rknun% datfic on tampon development is still 
valuable 

LlW. H Co/Kffliaftlrt 0/ Coirriri.'i] Ro.j.j'i /J /tadWriltfry (18jj; reprinted 

Kingsmcad, Bath, E970I A bam- Account of HiiiefecutWmltiry tmJ building 

method* 

Mire. E. tie. Tfcr iiirJF^ of'Brimt* {Bautord, 10.14). The ewidmtoo ol iht bridge seen 
largely thmogh the eyc% of rile architect W Art die eg 

boit, L. 1 , C. 'i'tfvwtf TV-WW fLertijfrtian, rijjft). An admirable biography oE* die 
e? te.it engineer with good coverage of his mad and bridge building activities 

ElTcri W CiPfjL- 

t Lid fiel d. C. ifririift Cduub. Ait /Ij'jj smurd ? finery (David A. Charles, Newton Abbot, 
fLKHJl, The it*uvJLwd general hmory of Brioili canal* -did the navigable riven 
Uitociited with tljefEi 

Kidficld, t:. (ed). Candh fifth: British Lies Serin (P-n'd & Cbtk Newton Abbot, 
Vitrimti iLtrt}, Ilie whole tcumiy b w covered by this excellent sene* ot 
fcymiul histories* nuny of which Ime been wrirtm bv Cleric* iUdfield, who as 
aj*o gcurra! editor fm the sene* 

AMvtmi* Guides un (Urimb Warerwiyi JkufJ, Loudon, vatiom datrt). 

TIick official guides to BWB Waterway *uv» England and Woks in four 
volumes: 1 South-East: - North-West; j Sotatb-Wcu: 4 North-East, Detailed 
mapi of all navigable walCfWiys identify every lock and bridge 

Rdt, L V. C. NtvijM W^-nrup {Longing. !</“/). A general arrotitu of litid 
develop mail with some reference to swvivirig ittes of dguihcartvr 

Rrtj Iwayt 

Appleton, J, H. The Geeffaphy nf Catwnummiwif m Cmn flrrVfinr {Urn vend ry of Hull, 
11*62), The gccisfaphiejl i mp I iraaom of Transport networks and dseir derdopmem 
in Britain 

Baxter, LI. Stwi? Bfoth xud tnm Rath fDaVid & Charles. NrtVtofl Abbot, An 

JCCOUIII of the cVijlmi^vrs of tramways eii Bisejul vrttJi a gazetteer of 1it« 

C.jlemon, T- JTrf -Vjiri'r IVliusi^ ojOHl. A higlily teatbible iceotnrE which 

bniigs dive the men wh*» hodt the tailwivs- 
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It ikiikh Railway lUttoty. two volumes (Allen A Unwin, 1954 md 1959), 
Volume i covers ihc period 18jo to volume : frotti 1^77 to tgr.7 r A inoit 
rujdjblc ictainl of ibr Jevritipirrcni of die BntUh railway system 
jtnftml cf the Railway & Cjtiai Hi in-rim} Satiety (published quantity), Detjuli i>f eL 
S^icty 4fid die Jouituil From die Secretary, 174 Station Ro.ul, Wyldr Green, 
SuMmi Cbldfidd, B7 i sLE 

LeWU, M, J, T- /-Jfi'jf i r.v/ij: Railway} , Itmuh-dgc. 1970). A detailed jnd COID- 
prrhtiuivc study of die sliest type uf railed trtttspoct 

1! r^.s.ta + 11. Ratluvy Rein ! Un AlLm, Muppatoit 1969} An acroiinr ni surviving 
railway civil and mffiaiifcft l engineering remain* in Jfnum with gazetteer 
Oulcy, t p. I Rihtu'yrrapky pf HfrJnh Railway History (Allen A Unwin, jyfljJ, A mjtsvsvr 

I oftipi!of railway htt? 3 (urt 

Rolt» L I. Ci KtitfiJi 'pit flrHtrrf (l.oupnLUii 195 , 7 * jnd Pdion, 197 a)- Noe 

ml ly I he trtc ot ;i ffrjt engineer Inu m uiicsEiEidin p bio^iph) in Ets own nu.hr 
Simmons, j. lltr Rtuhvays oj ftrjf am: .in Hiitaiieal Imr^iuti^ei (RLUEtledge, j0[|. A 
mutprcheuiivc generil account of the development of fijl wiyj in llriE.itii 
Thurtui, D + St J. (rdf Regimmt History 4 iht Railwayi 4 Crm Brum rt f Da vid A 
Ciutlei. Ntwtzm Abbot, vaunts dale*}. A ww Coiuprrljcttiivc serin of region4 1 
iuscotin by vjfioui author* 

rrdnj/vtt HiiiMy. journal pithlidjed three time* s year by Hutton Publishing, Edin- 
bmglx Editor, UaMi F, t Juddtiiii, Umveniiy of fmthrfyde. Coven JJ jiptfEi 
of tn&fpart limory 

PtnU -wiiJ HttifftPi 

B Biiirgirdlr. ii. mttd MiEcv. P iH. Tlwmits trlJ 4 d (David A Charley Newion Abbot, 
H h wfi.l o ^ number of ldtord\ harbour vvotkj 
Glynn. J. Cmimtlmi r>f Critici jtiJ Madimtry: A RmUmmlitry Tieiltie [18*4: n:- 
Kinpmcid, 1^70). Useful Viork i<n ntull cranci frcijunitly fuunJ 

II n doclt* jnd t-irul wlwvr.i 

Mi.-NriL f. Hy iuuhr f^wvr (Loqgmn. 1^72). Cover* many jpplkatwp uf hydraulic 
f»r\v^T hist with rcmiiicrahle empbidi m lurboun 

Mounrfkld' S Hm f mu *y [Liver|HH'l Umrsntf Pnm, 1965) A history uf dr 
Mcriey fJockr A r I Arbour Hoard 

Scntjctt* R, atid Oram, H J Tlir Marine Steam iir^jne(Liiiignia.n < 1^1^), Tk ipiiikf J 
work 

Re;tL'tuf PnbtkdH&B 

Although lomciegLrwul puhlkariorB Lm bn mamoord m the preceding subject 
IstWtoitrqpliy, the fullcwing ire cxuuzcW with mdus.rul irchatok.gy m ,prei£e 
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regional « tool areas of DHlam. Many canton gmrcem of sites. Tbc rnotf cam- 
pretansivr, although by m mean* campfete. Is dw ReAnkmkgY 
serin published by Divtd & Chutes. lltere are numerous giKcirecn. published a* 
pamphlet^ of which a idtord sample is inihidd- lutomsaiior on a [rjrticiibr 
3Tt.i md on. the avuihWhty of specifically literal ure cui best be obtained 

duo ugh an appropriate industrial archaeological «odcty (see Appendix j) 

Scetlmul 

RriLegirdk, FI and Miles, p. B 1 . Thtmffi Ttlfird (l>avid A Ctudts* Ntwl:on Abbol* 
to?l), Many Scoriith iHuqmiom 

Butt, J, Th Industrial Afrfhtmlpgy vf Smlmtd (David A Charles, Newtoo Abbot* 

itfi} 

Uutt, j., Doimadiic, L L and Husw»J* EL fidhtfridi Hismy m Piastre*. (David 

& CJunici. Newton Abbot* 

Dontuthk, L The Itishuttini Artharriegy pf Gath way (Dawd & Charles, Newton 
Abhor, 1971) 

LsmkivJ The Gmuh ufArm/W (David & Chirk*, Newton Abbot, ip&a) 

TIjoulu, j. Switch fontw iay J/fJlury mi rirfuiL ' (David A Cltarles. Newton AbboL 

10 ?) 

ht$hmd 

Ashmore, Oh Th ittfiuitrUl JrrnecLif^y hmtJihirr (David A cWles, Newton 
Abbot, 1969) 

Divres-Skcl, M. and MinhaO, J, l>. The Auhorrij/ Arth&^y oftht Uht Cminik* 
(David A: Citadel, Newe an Abbot, 19#) 

HuiticU, C. and BidJJe. G We Cwb Er#W ( two volume* (David 

& duties. Newton Abbot* ip?o) 

Hughei. Q, See/w; - Aniiiftititrr arJ Twru&ftf in Umpwi (Land hbuuph™, 1904) 

Sharp, I). (cd) Mjmiwitrr (Studio Viitm tXrfj). A cwreneer of wUmcunll; 
ficjni buiiiimgi 

N&th-tdtt Ettgimi 

AlktniWp F. The Gro* Xerihmf CcdfieM im (Durham County Local Hhtan 
Society. ipftf) 

Atkinson, F. (d). trnkrtmi Ardtorttyf Tv? Ten Site* iu ATorffc fiaf &&W (Frank 
GrJum* New™tie* 1971)* A gazetteer of die more important sites hi ik North- 

Ctough, R, T. Tht W SmtJ% Afi/b fAr Wdufr* £>drj (published by ibr 
author^, Kd^hky# <0i) 
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Dixkbiivi, B, E '!%• Yvtbhirt Om {David £c Chari ck Newton Abbot. 

KaiStrcV, A jikt JrSminpv B. .1 /Jijntfj Lfrfj/ rpi ihe 1 -VntJ-imrj [ Longman > I0fto) 

RaidTick. A. DaJ \ err j/ij' Af^j^nniijt i (D. B. Ikinan. Tretm, c<>73) 

SitisiL-tan, \r. Iinitufri^ RevJitikm irt Vvjjhy/im \ l >4lesni4JS Puhlulitii^., CLiphain v r u 
L-iacajia, Ydriuhirc, 1970) 

Tk# tl H V^ Midlmdi 

C taptbuJ, K i'.kildirrw Finn Ah!} and r/rr Hhtvry vf Pbntry Milling triA-tpw 
(CbcJiilrtrm Flint MilJ Preurrvanon Trust* 10^9) 

Hadfkid, Q 77ic Cmij/j of tht MidlunJi (David *k Charlc*. Newton Abbot, 

1969) 

Hantf k k, A Dymxtiy &j Irmfnmiers: The Darbyt nj (.emits \h}L\hi!,- (Xou^jniiii + 10$ 3: 

trpriuted DjviJ & Clhirln. Ncwirai Abbot, 1970) 

J’mmnni. S (cd). Thr $UiOM(tt r PmhuU, mJ Industrial History of W 

*kt Midland HarJwm Dkirirt [rflGti; upv edition, Qti*. 19^7) 

Tritaler, B. TV tnJuiimS Revokthn in Shopjltitt (Philkoidfc, ChichoEer, 

Trunfcr, It, Thr Darky* of OttffinvUd It (Pbillmvortr Chirbrner. tpj *) 

flw Eur AtiiihTTfds 

Chapman, 5 . IX 'J ?rr- Lirly hungry SUsffn {David fir Charles, Ncwtpn Abbot, 1967) 
Hjiifit lJ, C. Thr Cm*h 0) rfu Eat XUJIurJi (David £< Charter Newton Abbot, tolMi) 
Haim, 11 , Tht InJumial Afth(*whgy of thr Ptalt Duma [David & Charier Newton 
Abbi.Cp 1971)1 

Ktrkbm, N, Lc*d Mining Tlifumgh the Gtntoriti (D. U. flanon, Truro, 

ipd*) 

Nihoii, Ft Hi? fttr/infrjril <j/ Derbyik ire f E Uvid A' Charles, Nekton Abbot* 

19159) 

Stmib r D- M 7 '^c Eta Afi*ttnrJ* (David 4 e Charter Newton 

Abbot. 1965) 

StifUKT, C, H. (cdj. Inihiiftijl AiikjafjrlofiY NottlwwptflwhiTf (Northampton Museum* 
A Art Galkry, 1970) 

Thr Smtb^oa 

Ashdown, J . Buiwll, M anil t !irtei p p A Smpty if Mktsmat Mtmumtntt in OrrutiT 
Dmdm (Tlumci Baun AceWli>gi«l Observer' Groop, ioOj). A gttcttrtf of 
ticet 

B™A Jobtion. W InJuanal tfvmimtm* m Hcttfaltkiv (Hertforddiire County 
Crnmnl, 19^7). A ga?rSteer of utei 

Branch Johmaa, W, 7 ^r Mnrfnflf Hmftuddtltt (David A: Cluries, 
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Nrwtun Abbot, io^>] 

Hadfidd, C TV Catiah cif ifcuih & Sttak Eptii j B^lmd {David A dartre, Ncwiots 

Ahbot, 1969) 

Hall. K 1 «. 7/rr frdujrrpre fondm (I luxchimon. r'rts) 

hitwmat Atihaeol^y w EnfcU (bmdd Arduai>tos?»«l Society. iotiJ 

l*w\ InJwtrufl Atihm^h'w ijt Btdfitdriifir [BcdfocdibiK County Cmmtil. hK*?). 

A [tiicttccr of iiujot iLini Lit the bouncy 
Wition,, A. i.Mhitti'j In^hnirLii 1 leftist [David Ac eludes, Newtau Abbot r 10?) 

Tlhr Stwlh-il'f'S 

Barfon. D R. TV fAt/niiA BifJwfD. El. Barton^ Tnif®, I0i) 

Itarfiiifi. D* Bi .4 i»/ Ctf/iyVT .VfritiM^ in ComwttM W Dvnw (P, R. Barton, 

Truro, i«06) 

Barton, f s. JJ ^ /for-ir>' I’fTTn A/infi|j end SutrjViFP^ in CWu'WJ (D- B. Barton, Tniry, 
* 907 ) 

Barton, R. M, ^ Hifftty 0/ the Cmath China Clay faJutity (P. B< Barton, Truro, 
196ft) 

t looker, F. ifa- h\J\i\tiLil /IrJjiifitfnjjy of thy Tartua \ "jf/r/ 1 [Oivid fif Charley Newton 
Abbot, 1967) 

llLEcbjjKii], R, A- and -n 5 . Neil, 1%' IniutttiAl Jtodtmwlvgy ef the Bruh'J Region 
(David & Charles, Ncwion Abbot. 19&0) 

Buchanan. K. A 2nd Cosjow. Net!. Industrial Hitfory 1 m flhtmvt- (David & 

Charter Newton Abbot, 1970) 

IJ adt id J. C. TV Cmrit vf South-Writ (David & Ctarfci, Newton Abbot, 

■ 07 ) 

Harm, li. Th In&ulrktl .ArehaeoL^ ^ Dfrtmrar (Dav&i & Charted Newton Abbot, 

* 08 ) 

Htubun, K, TV Industrial Atikv di.^y if Southern Bighutf {Oivid A- Charles, Newton 

Abbot. 10s) 

Hudson, K. The Mifisiy 4/ ■bnyfjn'j Ckma Cilff (David A CJurSev, Newton Abbot. 
■0&) 

faduimai Atfhji\d\xY tn Ctfatii^imhin (Gbnttwenbire Society for Imtusrrtal Auh- 
oeology and Gtoiiereecnbirt Comunt) 1 (.mind!, 1 )■ A gHsttPCf die* in 

the new adjirnrnmmve county 

Minch mean. W, £. fed), htdutmal Ardmvbgy m DrttW (Damti^toti Amenity 
Rcietrch Trust, A comprehttKive gwttccr of *it« ^ 

Pouting* K E Hji- ir«n» ftukNry <tf Stwh-Wfit England (AdUim A Darr, Bach, 

1971) 

Ttmii, J, Gttuctitershjtt B WEn & Chirfcs. Newton Abbot, 107) 
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Wat* 

Midfield, C. The Cmdh jJ Smith Ef-'dAu mid tin BofStt i/Divid & Chirlo, Newirni 

Abbot* to*?} 

Jctikim, J r G, The IWsdtm Imhtuty (Nuked Mtucuin of Wxla. GudifF, 

«M 4 ) 

Lewi*, W* Jk leflJ Afwi^ in I(University of Wilo, ip&7) 

Minthmun, W. E TV An'/ifJi Tiapfair tnduwy (Oxford Uni verity Prra, roS7> 
Margin Rea, O, AIXiKt, Afifb (Nitjemd Mwm of Wiles, CmUT* 

Thoinjj, W. G ifrrHj^n 1/ fAr ArVirnwaf MuKiwrf c/ HflJry,. JVn refCirdtiE 

1972). Pmcrvk g inafagral na b Wife? 
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w Only tiem* of special intern t 
orf mdhnduatty included by n&mr eg 
Cttfto it Bridge r For ipecifit site* 
uitmtityn it drawn fv thr gazetteer 
on pitgfy 42$*50. 

Acheiofi* f^A., 192 
Aekroyd-Suinrip Herbert, 121 
Aerial ropery, 227 
Aurpuitips. 140 

Albert Doc It a Liverpool, 4 iO. 412. 
413-14 

Aluminium, 213 
Amateur Th c* 19 

AnLieni ind lliiton^l Mumimefttj. 
of Sctirljib l!, Royal Cotnmif*ion 

on, 26 

Anfieni Mun Laments Aflts, 24 T 35 
Ancient Monument* Direct mule, 
BTan4 from> 34 

Annealing tumi jl'c* L 233-6. 239 
■An twerp p e ffec i of collapse of, 4 3 
Aqueduct*, W2 f 344, 347. 357 62 T 
406 

"Asth neology. The, of the West 
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25l T 260*264 

ArvoniTnng, Sir WiRLim Guorjte, 404, 
406 

Aracnic, cx true bon of h 211-12 
Ash ton Mill,. SotneTMt. 56*66 
Aipdin, Joseph. 221 
Anoiiilion for Industrial 
Archaeology (ALA). 27 
Aitbury. Joint. 227 
AmomiLUun, first hpfi 181 


Bakti F Benjamin* 390 
Barlow, W1L, 384*390, 394 

Bath k cone H 215 

EKutfetie, Sir Joseph, 295, 296 
Beam enginesi 30. 32, 75-6. 7 7, 92-h, 
102, 109, 134. 159. 227 h 294, 
296-7 

Beau dc Rochas* Alphonse. 1 19-20 

Be uunmn 1« 1 lun imgton. 129 

B eds on, George * 168 

Bee* Ion l a* t-i roil I or k. 353 

Belfast (l!MS). 419 

Hell * Alexander Graham. 314 

Bell# Henry. 418 

Hrllh & Moreom eotpa, 1 13„ 306 
Bellowt. witcr-powc red, 151, 153* 
157 

Be II-pits, 125-6, 129 

Brnih.tm, Sir Samuel. 137 

Benz. Karl. 123 

Berth olid, CX,, 279 

Brssctnn, Henry* 49 T 177-8 

Best iron, 166 

Bickford. William. 141 

jVmqEcv five-sire 1 *e. uifc aav lock, 352 

Bing*. 287 

Black Country Museum, Dudley. 22l 
Blast ftrnmccs* J5Q j 63, 206 
Bleaching and dyeing. 273. 279-82 
BHsts HOt Open Air Mujicljiti (Salop). 
34. 125. 130. 134* 137. 1441. 142, 
I59 h 163. 169, 220*231. 298. 413 
Blunging (of day) K 224 
Boht&n (Lines), port of. 406 
Borigci. Friedrich. 225 
Bmtles. 238-40 

Boulton, Matthew. 88, 89. 90, 91, 
229 

Boulton & Wait eng?nes. 89-92. E07. 

109, 204. 298, 299 
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Bourn MilJ. Climbs. 56 
Dow drill*. i82 5 
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Hncki, 21S 20 

fSriclgrri, 328-»9, 3B4-91.404, 405. 

406 

Brindley .James, 228. 313-4. 345. 

346. 353. 357^*363 
Bristol. p»n of, 400-1.402, 4034, 
405. 40B,4 10,417,4 3 8.419 
Brown, Captam Sir Samuel, I 70, 171, 
337 

Bniod. Sir Marc (and Um Is am hard}, 
70, 171, 1BG-7, ESS. 321, 333. 
134. 374.380, SSL-2. 383, J84. 
357,338, 395,403, 404, 418 
BS F threads, 19 I 
B5W threads tee Wtiirwordi, Sir 
Joseph 

Budiirian, Ur KA. 25 

Buddie* (for lead concentraltil 209, 

BU 

Elun^L-n. R.W., 299 
Kurd an, Rowiand. 334 
Bun. I Jr John, 27 

C^tzinin g, pr i. h. esa . 14 8 

Cm ill lift*. 354-6 
Canals. 48. 50-1 p 1 12. 341-65 
Garbo<mfeTQU& mm, 146 
CArkminduni. 192 
Carding proecsi. 243-4. 252, 253, 
261 

CiiUtwrighlr Dr Edmund, £52 
Cast iron, 143-6, 148, I5f^ 151, 

155 7, 162, 169. 170 
CfiA, ffr Council for Bri tish 
Afthaedog\‘ 

Cedi, Kn. W H| I L9 
Cemem .and ewente, J02, 116. 
220-4, 267 

Central valrr engine*, i \ 5 
CcmJgit 224 
Chiifertei, 150, 151 
Chaldron wagmu. 143, 377 
Champion. William, 200, 201 
Cll JJJL r , ShT Jam«. 24 1 


Chillendrn Mill, Kent, 56, SO 
Chimney 211,212 

China day (Kaolin), 223-7 
Chinese porcelain, 224-5 
Checks, development of, 3 S3 
Civic Amenities Act. 1967, 35 
Danny, Dr 1AML* 139 
Clark. William Tierney t 338 
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